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EFFECT OF AVITAMINOSIS-A ON FROSTATE 


purchased in the open market under the designation technical casein. The inacti- 
vation was done with heat according to Goldblatt and IMoritz (.^), Tiic cotton- 
seed oil was the technical grade and the irradiation was carried out according to 
Goldblatt and Moritz (4). The salt mixture was No. 18.“? of McCollum (.S). The 
lemon juice was decitrated b}^ standing over marble for 24 hours. The com starch 
was tliat sold under the trade name Byron brand and the yeast was labeled tested 
brewer’s yeast-Harris, medicinal. The animals were kept in galvanized iron cages 
in a room with light and ventilation but no direct sunlight. The tissues at 
autopsy were fixed in Bouin’s fluid and paraffin sections of the sexual and accessory' 
sexual organs were stained with hematoxydin (Harris’) and eosin. The diet 
mixture was made weekly and stored in the ice box. There was an excess of food 
in the cages at all times. The prcpuberal animals were 30 days of age and the 
postpuberal 100 days of age at the start of the experiment. 

RESULTS 

Animals were killed or died after 85 (1), 86 (3), 99 (2), and 115 (10) 
days on the diet. The control animals were killed after 115 days and 
showed no pathological changes. All experimental animals at death 
showed clinical xerophthalmia. 

The general pathological changes in the experimental animals are 
entirely similar to those described by Goldblatt and Benischek (2) 
and Wolbach and Howe (1) and this report will be confined to the 
reproductive system. Sections have been cut from the seminal vesicle, 
vas deferens, epididymis, and testis. Step sections (every twentieth 
section) of the entire prostate were prepared. As a control, sections 
of the lungs, bronchi, submaxillary gland, tongue, and kidneys were 
cut to establish the usual changes of vitamin A deficiency. 

The testes from all animals were small and the tunical covering 
wrinkled and relatively thickened. On section the tubules were less 
abundant, smaller than usual in size, and did not separate as easily as 
the normal. The vasa deferentia and seminal vesicles sho-wed no 
significant gross alteration. The prostates were slightly smaller than 
normal and more compact. On section the tissue was finely granular. 
In local areas there were foci up to 2 mm. in diameter with increased 
• density and loss of granularity. No cysts were observed. 

The seminiferous tubules microscopically are small and lined by a 
single, rather regular layer of Sertoli cells admixed with a few primary 
spermatogonia. The latter are for the most part resting but a few 
show mitotic figures, some of which are atypical. The lumina are 
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filled with a granular or fibrillar acidophilic non-nuclealed debris. 
The limiting membrane of each tubule is not thickened. The fibrous 
interstitial tissue and blood vessels are not increased in number nor 
amount. The interstitial cells of Lcydig arc apparently increased, 
more so in the prepubcral than in the postpubcral rats. They do not 
contain pigment globules. In the postpuberal rats there are multi- 
nucleated cytoplasmic masses in the tubular lumina, while they arc 
absent in the prepuberal. These cells are similar to those described 
in the human atrophic testes by Scecof (6). In contrast to some other 
tjT 3 CS of testicular atrophy sucli as in crj'ptorchidism and in senility 
in man tliere is no thickening of the limiting collagenous membrane 
and the remaining cells arrange themselves in a definite single layer. 
The two groups differ in that the prepuberal rats show more apparent 
increase of interstitial cells of Leydig and the postpuberal rats show 
giant cells within the tubules. This testicular atrophy in rats with a 
sufficient supply of vitamin E has also been reported by Evans (7). 

Even a cursory examination of the pelvic accessory reproductive 
glands shows that the changes are more striking and extensive in the 
prepuberal animals. In one there is atrophy of the epithelium but no 
cellular infiltration and no metaplasia. In the other seven the 
changes are similar. The prostatic acini in the middle and anterior 
regions are dilated and filled with a protein-poor fluid free of cells. 
The epithelium is low cuboidal and the nuclei are abundant, a picture 
similar to that of castration (Fig. 1). The large number of nudei in- 
dicates that the cells are not low because of flattening from dilation of 
the acini. There is no evidence of secretory activity and the typical 
pale area of the cytoplasm of the normal secreting cell is uniformly 
absent. There is a slight to moderate increase in the thickness of the 
stromal collar about each acinus and under low power the lobular 
markings are more distinct than in the normal gland, indicative of 
atrophy. In focal areas, most commonly in the middle region, rarely 
in the anterior region, and never in the posterior region, the lumina are 
filled with a granular addophilic debris and numerous polymorphonu- 
clear leucocytes with some cellular infiltration into the surrounding 
stroma. The epithelium of these glands is of two types: first, a tail 
columnar nonsecretory cell with pseudostratification of long, slender 
nuclei (Fig. 2), and second, true squamous epithelium with or without 
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EFFECT OF AVITAMENOSIS-A ON PROSTATE 


keratinizalion (Fig. 3). The process may involve only one alveolus of 
a brandling gland as shown in Fig. 3. 

The vasa deferentia show atrophy of boUi the muscular layer and tlie 
epitlielium but tliere is no metaplasia. The intraprostatic portion 
also is free from metaplasia. The glands associated with tliis latter 
portion are free from pathological diangc. The coagulating gland of 
tliree prepuberal animals shows extensive cellular infiltration and meta- 
plasia to tlie squamous tj^e (Fig, 4), 

The vesicular epithelium is atrophic and devoid of the characteristic 
secretion granules (Fig. 5), but the lumen is filled witli a dense homog- 
enous addophilic mass, similar to tliat in tlie normal vesicle. The 
duct wliidi connects each vesicle witli the urethra shows squamous 
metaplasia with extensive keratinization in the tliree positive animals. 
The epididymal epithelium in tliree prepuberal animals is atrophic 
and in one tliere is degeneration of the cytoplasm and extensive 
karyorrhexis of the epithelial tubules. 

The postpuberal animals show similar changes but of much less 
severe grade. In the prostate, areas of normal prostatic epithelium 
with dear areas may be found, while in others it is atrophic. Foci of 
exudative inflammation with metaplasia are present but small in 
size and not advanced. In one, the ducts of the glands associated with 
the ductus deferens show metaplasia. In none is there any change in 
the coagulating gland. In all there is metaplasia of the vesicular ducts 
and atrophy of the vesicular epithelium. 

These anatomical changes in the accessory sexual glands in terms of 
physiology mean that the secretion of the male sex hormone is reduced 
by the feeding of a vitamin A defident diet, markedly if the feeding is 
initiated before puberty, slightly, if initiated after puberty. The 
metaplastic and inflammatory changes in the prostate, vesicular ducts, 
and deferential glands are entirel}^ similar to those recorded in other 
organs. The atrophy of the testis with complete suppression of 
spermatogenesis cannot be due to vitamin E defidency since this was 
supplied in adequate amount by means of wheat germ oil. 

The Prostate in Vitamin A Deficiency in Man 

In a detailed morphological study of 678 prostates by the step 
section method, five cases of focal metaplasia with an acute exudative 
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2. Vitamin A deficiency in the rat is associated witli foci of inflam- 
mation and epitlielial metaplasia in tlie prostatic acini and vesicular 
ducts entirely similar to that reported in other organs. 

3. Focal metaplasia and inflammation is occasionally encountered 
in tlie prostate of patients with extreme inanition associated with 
stenosis of the esophagus. It seems probable that this lesion is due to 
vitamin A deficiency. 
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EXPLANATION OF PLATE 1 

All tissues were fi.xed in Bouin’s solution and stained with Harris’ hemato.xjdin 
and eosin. 

Fig. 1. Cuboidal epithelial cells in the acini of the prostate from a vitamin A 
deficient rat. X 206. 

Fig. 2. Irregular tall epithelium with debris in the lumen in vitamin A defi- 
ciency. X 158. 

Fig. 3. Squamous metaplasia and keratinization of one branch of an acinus 
in vitamin A deficiency. X 162. 

Fig. 4. Squamous metaplasia and cellular infiltration of coagulating gland in 
vitamin A deficiency. X 128. 

Fig. 5. Low nonsecretorj’' epithelium of tlie vesicle in vitamin A deficiency. 
X 195. 

Fig. 6. Squamous metaplasia and inflammation in an acinus from a case of 
stenosis of the esophagus from an aneurysm, possibly due to vitamin A deficiency. 
X 131. 
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STUDIES ON NATURi\L IMMUNITY TO PNEUMOCOCCUS 

TYPE III 

I. TiiE Capacity of Stiomss of Pneumococcus Type III to Grow 
AT 4rc. AND Their Virulence tor Rabbits 

By JOHN F. ENDERS, Pit.D., A^'D MORRIS F. SHAFFER,* Pn.D. 

(From the Department of Baeicriology and Immunology, The Hanard Medical 

School, Boston) 

(Received for publication, April 16, 1936) 

Although the well known change from smooth to rough types, with 
the accompanjnng loss of antigenic elements, presents an explanation 
for manj’^ instances of loss of virulence by bacteria, it fails to account 
adequately for differences in the degree of virulence observed among 
various strains of a species all of which possess the characteristics 
associated with the smooth form. A notable example of this latter 
type of variation is found among strains of Pneumococcus Type III of 
human origin when injected into rabbits. 

Tillett (1) demonstrated that the majority of strains isolated by him 
from cases of Type III pneumonia were, although virulent for mice, 
avirulent for rabbits in the sense that upon injection, even in large 
numbers, they produced a transient bacteremia which in nearly all 
cases terminated in recovery. He was able to obtain one strain which 
killed rabbits in moderate dosage on isolation and which, upon passage 
in these animals, attained an u . l . d . of 0.0001 cc. when introduced 
intravenously, but was unable to observe any biological property of 
the rabbit-virulent strain by which it could be distinguished from the 
avirulent cultures. Similar differences in the virulence of Pneumo- 
coccus Type III strains have been noted by others (Levy-Bruhl (2), 
Watson and Cooper (3)) but no entirely satisfactory explanation of 
this behavior has been presented. 

One of the two principal objectives, then, of these experiments and 

* Fellow in Medicine of the National Research Council. 
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IMMUNITY TO PNEUMOCOCCUS I'YPE III, I 


tliose recorded in tlie papers which follow has been to reveal attributes 
of tlie organisms from several smooth strains of Pneumococcus Type 
III which might account for tlie differences in virulence. Since the 
studies of previous workers (c.g. Singer and Adler (4), Tillctt (5, 6, 7)) 
on tlie meclianism of tlie natural immunity of tlie rabbit against this 
microbe do not completely elucidate the means whereby it is removed 
from tlie blood stream and destroyed in tlie body, a second aim of our 
work has been to investigate furtlicr tlie defensive factors of not only 
the rabbit but also the mouse and (to a limited extent) of man against 
infection with this type of pneumococcus. 

In the present paper it has been shown that marked differences 
exist in the ability of various strains of Pneumococcus III not only to 
remain viable, but to multiply at 41°C. — a temperature rapidly at- 
tained or exceeded and maintained for var34ng periods of time by the 
body of rabbits, following infection. The virulence of these strains 
for this animal has also been determined witli tlie purpose of revealing 
a possible correlation between this property and the capacity to pro- 
liferate at this temperature. 

Materials and Methods 

Strains Employed . — 13 strains of Pneumococcus Type III have been studied. 
Of these, strain SV,^ originally isolated by Tillett from a case of lobar pneumonia, 
is highly virulent for both rabbits and mice. Intradermal injection of 0.001 cc. of a 
16 hour blood broth culture into a normal rabbit will bring about tlie death of the 
animal. Strain CH was also derived from a case of lobar pneumonia and is tlie 
stock strain maintained for several j^ears in this laboratory where it is passed 
each week through a mouse as routine. Intraperitoneal inoculation of 0.5 cc. of 
10“® dilution of a 16 hour blood broth culture of CH or SV regularly kills mice in 
about 48 hours. The remaining 11 strains were isolated from human cases of 
lobar pneumonia, meningitis, and otitis media within a period of IS montlis. 2 of 
these. Nos. 298 and 312, were studied Muthin a week following their isolation. 
Stock cultures of these strains are grown in normal defibrinated rabbit’s blood 
under a vaseline seal and kept in the ice box. Transfers are carried out at inter- 
vals of 4 to 6 weeks. 

Strain SV is passed through a rabbit at intervals of 3 to 4 weeks. The remain- 
ing strains were not passed through rabbits prior to the beginning of this work, 
except in the cases of strains IE and CSp which had been inoculated into rabbits 
once and recovered in pure culture about 1 year previously. All strains were 

* Sent to us through the courtesy of Dr. K. Goodner of The Rockefeller Institute. 
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10 BIMTJNITY TO PNEIBIOCOCCUS TYPE III. I 

TABLE I 

Growth of Pneumococcus Type III Strains in Dcfihrinatcd Rahhit Blood at 4fC. 

Pcriotl ol incubalion 

Strain 



0 hrs. 

SV (Tillett) 

4.21 

4.49* 

esp 

4.60 

B 

4.48 

IE 

5.02 

Tirrell 

5.97 

CH 

3.80 

669 

4.19 

681 

4.05 

A305 

4.43 

3843 

4.20 

3838 

4.39 

298 

4.04 

312 

4.40 

SV (rough form) 

4.46 

CH (rough form) 

5.48 


2 \ hrs. 

5 hrs. 

7j hrs. 

5.39 

5.47* 

7.10 

7.10* 

7.85 

7.96* 

4.39 

6.14 

8.03 

4.40 

6.07 

7.18 

4.17 

4.08 

4.08 

4.50 

4.30 

4.39 

5.11 

6.35 

6.04 

2.48 

<2.00 

n.d. 

3.54 

4.11 

3.85 

3.84 

3.86 

3,75 

3.60 

3.04 

<2.00 

4.20 

4.11 

3,69 

2.00 

2.00 

<2.00 

3.03 

2.31 

<2.00 

4.34 

4.35 

5.09 

4.15 

3.15 

2.30 


9 hrs. 

12 hrs. 

24 hrs. 

8.73 

n.d. 

7.05 

8. 26* 

n.d. 

9.38* 

n.d. 

n.d. 

7.98 

n.d. 

n.d. 

8.35 

9.46* 

n.d. 

4.38 

5.55 

n.d. 

4.91 

5.33 

5.28 

n.d. 

0.00 

9.78* 

n.d. 

n.d. 

0.00 

9.82* 

<3.00 

n.d. 

0.00 

9.38* 

n.d. 

n.d. 

0.00 

9.47* 

n.d. 

n.d. 

0.00 

9.48* 

n.d. 

n.d. 

0.00 

8.96* 

n.d. 

n.d. 

0.00 

9.12* 

n.d. 

n.d. 

0.00 

9.35* 

5.79 

n.d. 

6.57 

2.00 

n.d. 

0.00 


Results given as logio of number of viable pneumococci per cc. of blood, 
n.d. = not done. 

* Indicates values for duplicate cultures at 37°C. 
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37®C. values arc given as an example) since they showed tliat the 
growtli rates of all were quite comparable to that of strain SV at this 
temperature. 

From these results it is apparent that individual strains of this type 
of pneumococcus exhibit marked diversity in their capacity to multiply 



Age of culture in hours 

Fig. 1. Growth curves at 4l°C. of Pneumococcus Type III strains typical of 

each of the three groups, as well as the SV growth curve at 37°C. O O strain 

SV (group 1); O O strain IE (group 2); □ □ strain 312 (group 3); 

A A strain SV (37°). 


at 41°C. On the basis of such differences it is possible to divide the 
strains which have been examined into three groups: 

1. Those which grow at approximately the same rate and attain 
almost the same maximal numbers at 41°C. as at 37°C. 
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2. Those whicli increase more slowly at 41°C. than at 37°C. or which 
remain practically stationar}'’ at the higher temperature. 

3. Those whicli show little or no evidence of increase at 41°C. and 
which after a variable inten^al at this temperature decrease in num- 
bers. This diminution in most instances may progress until no viable 
organisms remain. 

In Text-fig. 1 are presented in the form of growtli curves tlie data 
for 3 strains each representative of one of tliese groups. For purposes 
of comparison the curve for strain SV at 37°C. is included, since this 
exemplifies the rate of multiplication of all tlie other strains at this 
temperature. 

It is dear from the figures included in Table I that of the 13 strains 
studied, 3 dearly fall into the first group, 2 in tlie second, and 7 in the 
third. Strain CH, although difficult to classify has been more or less 
arbitrarily assigned to group 2 since it grew at 41°C. during the early 
hours following inoculation, but soon the numbers declined and the 
culture was found to be sterile at 24 hours. 

That the growth property at 41°C, of a given strain depends upon 
stable metabolic processes is indicated by the fact that tliis remains 
qualitatively uninfluenced by the S— >R change. Thus, it wiU be seen 
that the R form derived from strain SV retains the abilit}’- to grow at 
41°C., whereas that from strain CH, although not exactly reproducing 
the growth curve obtained with the S form, nevertheless, like the 
latter, is inhibited at this temperature. 

Virulence of the Strains for Rabbits 

Our observations on the inability of the majority of our strains to 
grow well at 41°C. suggested a possible relationship between this 
behavior and the avirulence for the rabbit of most strains of Pneumo- 
coccus Type III reported by other workers, since the temperature of 
fhis animal has been found to rise to 41°C. or higher 3 to 5 hours after 
intravenous infection. Fluctuations occur thereafter but body tem- 
perature of 40.3-41.3°C. may be maintained for considerable periods 
of time. Conversely it seemed probable that the strains which demon- 
strated their capacity to survive and multiply at this temperature 
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might prove \nrulent, particularly since strain SV which was knoT^-n to 
be highly virulent for rabbits had been found to grow well at 41°C. 
Accordingly, a scries of rabbits were injected intravenously with the 
organisms from 5 cc. of a young (7h hour) culture at 37°C. of each of 
11 strains, the virulence of which was not definitely kno\\Ti. Strains 
SV and CH were not tested at tliis time since their relative virulence 
had been determined in previous experiments. 

This prcliminarj’’ test showed that among the 11 strains, 3 only (IE, 
eSp, B), were capable of killing rabbits following the injection of 5 
cc. of culture. Additional animals were then inoculated with smaller 
quantities of cultures of these 3 strains. The rabbits injected ■with 0.1 
cc. of the cultures of strains IE and CSp succumbed, while strain B 
proved to be definitely less ■virulent since this quantity failed to kill 
either animal foUo^svdng generalized invasion of the body. Again, 
of two rabbits each recei^ving 1 cc. of B culture, only one died and this 
animal was inoculated "with a culture obtained from the heart’s blood 
of the rabbit which had succumbed to 5 cc. These findings, ■wdth 
additional experimental details, are recorded in Table 11. It ■will be 
seen that all the 7 strains which failed to ■withstand a temperature of 
41°C. (group 3) were not fatal to rabbits in the amounts of culture 
injected. In contrast both strains (B and CSp) in group 1 were able 
to bring about death of the animals, although the degree of -virulence 
is ob-viously not identical. In group 2, of 3 strains only strain IE 
possessed to a marked degree the property of invading the blood stream 
and overwhelming the animal. The Tirrell strain possessed little or 
no -virulence, although its growth curve was quite similar to that of 
strain IE. Certain characteristics exhibited by strain CH which -will 
be described in subsequent communications probably accoimt for its 
lack of -virulence and that of the Tirrell strain. It should be empha- 
sized in respect to the quantities of culture which in these experiments 
have led to the death of rabbits that although apparently large, they 
nevertheless indicate a considerable degree of -virulence since it has 
been found by practically all workers {cf. Tillett) that the -virulence of 
Pneumococcus Tj^je HI for rabbits, -without repeated passage through 
these animals, in no instance approaches that of organisms such as 
Pneumococcus Type I. 



TABLE n 

ViTuleuce jot Rabbits of Various Strains of P^ieuvwcoccus Type III 
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DISCUSSION 

In assessing tlie significance of these results, we may assert with 
considerable confidence tliat tliose strains which are unable to increase 
at 41°C., though endowed witli the complete antigenic equipment of 
tlie smootli virulent organism contained in the capsule, cannot, under 
the conditions of temperature existing in tlie body of tlie rabbit during 
infection, multiply sufiiciently to bring about the death of the animal. 
We have investigated too few strains to give the results any statistical 
validity, but tliose we have obtained suggest tliat the majority belong 
to this group. The fact that most Pneumococcus Type III strains 
are not virulent for rabbits is, therefore, entirely in agreement with our 
findings. 

Conversely, evidence for believing that a correlation exists between 
the ability to withstand 41°C. and virulence is the fact that only 
among such “thermo-resistant” strains were found tliose possessing 
tliis property of rabbit virulence. It is clear, however, that an addi- 
tional factor or factors must be involved in determining whether 
thermo-resistant strains will produce an infection which terminates 
fatally, since in this class we have found, according to the criteria ar- 
bitrarily selected, avirulent, slightly virulent, and virulent varieties. 
The results of an analysis of one of these factors will be found in the . 
following papers. 

The conception that the high normal body temperature of certain 
species of animals plays a defensive r61e in immunity to infection by 
microorganisms has been in tlie minds of workers since the experiments 
of Pasteur demonstrated that the chicken, normally refractory to 
anthrax, became susceptible after the temperature had been lowered 
by immersion in cold water. Nearly as old is the hypothesis that 
fever itself is an immunological response. Various methods have been 
employed in attempts to demonstrate experimentally the validity of 
these hypotlieses. They have consisted in depressing or raising the 
normal body temperature by physical, chemical, or physiological 
means, either before or after inoculation of the infecting organism. 

Experiments of this kind with pneumococci were early carried out. Thus 
Walther (8), Loe\^'y and Richter (9), Roily and Meltzer (10) obtained some 
evidence that raising the body temperature of rabbits to 41-42°C. increased their 
resistance to infection. Strouse (11), noting that growth of pneumococci was 
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inhibited at 40-irC. in vilrOf lowered the normally high (41®C.) temperature of 
pigeons by injection of pyramidon and found that these succumbed to infection 
\\nth quantities of pneumococci wliich were tolerated by controls. Wadsworth 
(12) failed to produce pneumonia in rabbits by cooling the animals in water 
previous to infection; he later (13) tested 25 strains of pneumococci and found that 
in Htro the growth of all was completely inhibited at 40.5-41, 2®C. It is difficult 
to evaluate and to correlate the details of these experiments with our own work 
since they were obtained before the classification of pneumococci into types was 
introduced, Alorc recently Findlay (14) in studying the relationship between 
increased susceptibility to infection and lack of vitamin B in pigeons found that in 
birds deprived of tliis vitamin the body temperature was reduced to 103-104®F. 
and they then succumbed after inoculation with Pneumococcus Type II. Wright 
(15) in his studies of experimental Pneumococcus Type I septicemia in rabbits 
obscr\xd Uiat at 40.5®C. Uic lag period of tlic virulent organism grown in rabbit 
blood was definitely increased, but good growth subsequently occurred. He was 
unable to correlate this transient inhibitory effect of higher temperatures in vitro 
with the removal of the organisms from the blood stream of rabbits, whether the 
temperature of the animal was previously increased by administration of vaccines or 
subsequently rose as a result of infection with pneumococci, Levy-Bruhl (2) who 
studied 20 strains of Pneumococcus Type HI found that in 0.2 per cent glucose 
peptone broth all cultures gave at 42°C. a growth which was nearly as abundant 
and as rapid as at 37°C. On subcutaneous injection in dosage of 1 cc. into 
rabbits, however, only 4 strains were able to produce a fatal outcome; the other 
16 strains did not kill. Although his results concerning the effect of tempera- 
ture are not in agreement with ours, the proportion of virulent strains is approxi- 
mately the same. 

Our work suggests that the rise in temperature occurringsubsequent 
to infection may be regarded as a most important factor in the nat- 
ural resistance of the normal rabbit to those strains of Type III 
pneumococci fully capable of producing fatal disease in man, but which 
cannot increase sufficiently to bring about the same imder the condi- 
tions of temperature encountered in the former. 

CONCLUSIONS 

1. A correlation appears to exist between the failure of certain 
strains of Pneumococcus Type III to grow at 41°C. and their lack of 
virulence for rabbits. 

2. It is likely that the capacity to grow at 41®C. — an attribute 
constantly but not exclusively associated with strains of Pneumococcus 
Type III virulent for rabbits — is a prerequisite, but not the sole factor, 
in determining their virulence for these animals. 
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EFFECT OF ENZYMES ON VIRUSES 


Materials and Methods 

Drs. Northrop and Kunitz kindly supplied preparations of trj^psin and diymo- 
trypsin that had been repeatedly cr}'stallized and then dissolved in sufficient 
buffer to give an approximate concentration of 1 mg. nitrogen per cc. The pro- 
enzyme chymotrypsinogen, similarly purified, vas used as a control and also after 
it had been changed to chymotry^psin. The action of these enzymes has been 
tested on the viruses of equine encephalomyelitis, pseudorabies, swine influenza, 
and vaccinia. 

Since we knew that the first two Auruses mentioned arc rapidly inactivated at 
incubator temperature, and since this inactivation can be slowed down by exclud- 
ing air, all mixtures were kept at refrigerator temperature under vaseline seal. 
The following procedure was used throughout the work: All solutions were cooled 
to the temperature of the ice bath before mixtures were made. 5 cc, of the sus- 
pension containing virus was mixed with 4.5 cc. of the enzyme solution and 0.5 
cc. of 4 per cent sterile neutral cysteine h^^drocUoride, and melted sterile vaseline 
was placed on the surface of the mixture. In all experiments except those re- 
corded in Text-fig. 1 and Table II, the final concentration of tlie enzjuncs in the 
mixtures was approximate!}^ 0.5 mg. enzyme N per cc. Dilutions were made in 
salt solution kept at tlie temperature of an ice bath and inoculations w’cre made 
immediately after finishing the dilutions. 

The stock 4 per cent aqueous solution of cysteine hydrochloride was prepared 
and adjusted to a pH of 7.3-7.4, passed tlirough a Berkefeld filter, and the filtrate 
distributed into test tubes and sealed with vaseline. The physiological salt solu- 
tion used was buffered by adding to each 100 cc., 2 cc. of a stock buffer solution 
containing 28.81 gm. of NaH 2 P 04 and 125 gm. of Na 2 HP 04 per liter. Tests 
demonstrated that the cysteine hydrochloride did not inhibit the action of trypsin 
upon casein. 

The activity of the enzyme was always demonstrated by its action on casein and 
gelatin at the end of the experiment. In all experiments tlie pH was determined 
at the beginning and end in order to be sure that inactivation of the viruses was 
not due to a change in reaction. No marked change occurred. 

Since enzyme action is markedly slowed at low temperatures, tlie mixtures 
were kept for a much longer period of time than would ordinarily be used in diges- 
tion experiments. That the enzymes were active under the conditions was re- 
peatedly demonstrated by their action on gelatin and casein. 

The criteria for action of the enzyme on the virus were: 

1. No immediate inactivation of the virus but inactivation after 
storage, the degree depending on the length of time stored. 

2. Within a given time, the greater the concentration of the enzyme, 
the more inactivation. 

3. No inactivation by ch5nnotrypsinogen nor by boiled trypsin or 
chymotrypsin. 
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EJfcci on Equine Encephalomyelitis Virus 

An Eastern strain of equine encephalomyelitis virus isolated in this laboratory 
was used. Guinea pigs or mice were inoculated intracerebral!}', and immediately 
after death their brains were ground and a 10 per cent suspension made in saline. 
This suspension was distributed into test tubes, sealed witJj vaseline, and stored 
in the refrigerator. The supernatant obtained after centrifugalizing the suspen- 
sion was mixed with the enzymes and tested by intracerebral injection into guinea 
pigs as given in the tables. 



In Text-fig. 1 are the results of tests made on uniform quantities 
of virus to "which were added decreasing amounts of a mixture of 
trypsin and chymotrypsin. It "will be seen that, judged by tbe 
criteria given, the xnrus was destroyed by the mixture of the two 
enzymes. Subsequent tests with various preparations of trypsin 
showed that this enzyme failed to inacti’vate the virus but that ch 3 rnio- 
trypsin did so. In Table I are the results of such an experiment. It 
should be pointed out that the chymotrypsin was prepared from the 
same lot of chymotrypsinogen used in this experiment by the addition 
of a small amount of the same trypsin found to be inactive. 
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In Table II are results which show that the degree of inactivation 
by chymotrypsin is dependent upon the amount of the enzyme present. 

TABLE I 


Effect of Enzyrncs on Equine Encephalomyelitis Virus 



1 

Dilution of mixture inoculated 0.03 cc. 

Enzyme added 

Time after mixinR 
when tested 1 


intraccrcbrally into mice 




10-1 

ma 

10-3 

10-* 

10“5 

Chymotrypsinogen 

Immediately 




++ 

++ 


4 days 

++ 

++ 

++ 

++ 

+0 

Chymotrypsin 

Immediately 



1 

++ 

H — h 


4 days 

++ 

+0 

00 

00 

00 

Trypsin 

Immediately 




++ 

H — t* 


4 days 



++ 

+0 

++ 

Chymotrypsin (heat-inac- 

Immediately • 




++ 

00 

tivated) (control) 

4 days 



1 ++ 

++ 

++ 

None (control) i 

Immediately 




++ 

++ 


4 days 



++ 

++ 

++ 


Each + indicates a mouse that died, and each 0 a mouse that survived. 


TABLE II 


Effect of Dccreashig Amotinis of Chymotrypsin on Eqiiinc Encephalomyelitis Virus 

after 6 Days^ Storage 


Dilution tested 

Amount of enzyme N per cc. 

Salt solution 
plus virus 
(control) 

0.4 mg. 

0.04 mg. 

0.004 mg. i 

0.4 mg. boiled 1 

10-1 

* 

H — h 

++ 



10^ 

00 

+0 

++ 



10-3 

00 

00 

++ 

++ 

++ 

10-< 

00 

00 

+0 

++ 

++ 

10-5 1 

00 

1 

00 

00 

++ 

00 


Each + indicates a mouse that died, and each 0 a mouse that survived. 
* Died immediatel}’' from inoculation. 


Effect on Pseudorabies Virus 

The brain of a rabbit infected with the Aujeszky strain of pseudo- 
rabies was suspended and stored in the same way as the equine enceph- 
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EFPECT OF ENZYMES ON VIRUSES 


In Table II are results which show that the degree of inactivation 
by chymotrypsin is dependent upon the amount of the enzyme present. 


TABLE I 

Ejject of Enzymes on Equine Encephalomyelitis Virus 




Dilution of mixture inoculated 0.03 cc. 

Enzyme added 

1 Time after mixinf; 
when tested 


intraccrcbrally into mice 



10-1 

■9 

10-3 

10-4 

10-5 

Chymotrypsinogen 

Immediately 



1 

H — h 

++ 


4 days 

++ 

++ 

++ 

++ 

+0 

Chymotrypsin 

Immediately 




++ 

++ 


4 days 

++ 

+0 

00 

00 

00 

Trypsin 

Immediately 




++ 

H — 1* 


4 days 



H — h 

+0 

++ 

Chymotrypsin (heat-inac- 

Immediately • 




1 ++ 

00 

tivated) (control) , 

4 days 



— |- 

1 — [- 

++ 

None (control) 

Immediately 




+-(“ 

++ 


4 days 



++ 

-| — h 

"1 — t* 


Each + indicates a mouse that died, and each 0 a mouse that survived. 


TABLE 11 

Effect of Decreasing Amounts of Chymotrypsin on Equine Encephalomyelitis Virus 

after 6 Days^ Storage 


Dilution tested 

Amount of enzyme N per cc. 

Salt solution 
plus virus 
(control) 

0.4 mg. 

0.04 mg. 

0.004 mg. 

0.4 mg. boiled j 

10“1 

♦ 

++ 

++ 



10-2 

00 

+0 

++ 



10-3 

00 

00 

++ 

++ 

++ 

10 -^ 

00 

00 

+0 

++ 

++ 

10 -s 

00 

00 

00 

++ 

00 


Each + indicates a mouse that died, and each 0 a mouse that survived. 
* Died immediately from inoculation. 


Effect on Psendorabies Virus 

The brain of a rabbit infected with the Aujeszky strain of pseudo- 
rabies was suspended and stored in the same way as the equine enceph- 
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EFFECT OF ENZYMES ON VIRUSES 


Efcct on Vaccinia Virus 

In the first two experiments a suspension was used of the testicles of a rabbit 
inoculated with the New York State Board of Health strain of vaccinia virus. 
There was no definite evidence of inactivation bj' either trypsin or chymotrypsin, 
the mixtures being kept for 3 weeks under the conditions described above. 

A test was then made using a washed suspension of elementary bodies obtained 
from Dr. T. M. Rivers. This suspension was diluted 1 : 5, and 0.5 cc. of ether was 
added to each 10 cc. of suspension. Equal amounts of this suspension and of the 
enzyme preparations were mixed and tested by intracutaneous inoculation into 
rabbits, as given in Table V. The results show no inactivation by chymotrypsin, 
slight inactivation by trypsin, and a more pronounced inactivation by a mixture 
of equal parts of trypsin and chymotrypsin. 


TABLE VI 


Effect of Trypsin on Gram-Negative Bacilli 


Bacterium tested 

Bacterial count after 10 days at 5®C. 

In the presence of 
trypsin 

Control 

jB. hovisepiicits 

1.0 X 10« 

2.5 X 108 

B, coli II (non-motile) 

5.9 X 108 

2.7 X 108 

B. coli III (motile) 

9.9 X 108 1 

9.2 X 108 

B. cnitriiidis 

1.6 X 10» 

1.2 X 108 

B, paratyphosxis A 

3.7 X 10® 

2.2 X 108 

B. paraiyphosm B 

4.3 X 108 

3.8 X 108 

pseudoluberctilosis 

4.8 X 108 

2.7 X 108 

B. piillorum 

1.5X10’ 

2.1 X 10^ 

B. suipeslifer 

2.0 X 108 

1.9 X 108 

B. typhosus 

9.0 X 10’ 

9.0 X 107 


Action on Gram-Negative Bacteria 

In the older literature (7) it is stated quite definitely that enz3anes 
do not digest living Gram-negative bacteria, but recent papers by 
Bruner (8) and by Day and Gibbs (9) raise the question of Avhether 
proteolytic enzymes do not after all digest the organisms. Because of 
these recent papers and also because there are no reports on the 
action of purified enzymes on bacteria, it seemed advisable to restudy 
this subject. 

In Table VI are the results of an experiment on the effect of trypsin 
on ten different Gram-negative bacteria. The conditions were the 
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ErFECT OF ENZYMES ON VIRUSES 


to their resistance to trypsin and other enzymes. Such a classifica- 
tion would be useful when it is determined how these various enzymes 
differ in their action, for it might throw light on the structure of the 
viruses. 


SUMMARY 

Evidence is presented that some viruses behave like proteins in that 
they are inactivated by proteolytic enzymes, whereas others prove 
more or less resistant. Ten strains of living Gram-negative bacteria 
resisted the action of purified trypsin and chymotrypsin, while the 
killed organisms were rapidly digested. Gram-positive bacteria, on 
the other hand, were resistant whether living or dead. The findings 
are discussed. 

Drs. Northrop and Kunitz not only supplied the enzyme preparations but were 
generous in giving advice and criticism. 
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CONJUGATED CARBOHYDRATE-PROTEINS. X 


In order to study the immunological properties of uronic acids of 
known constitution, an artificial carbohydrate-protein antigen con- 
taining glucuronic acid has been prepared by combining the diazonium 
derivative of the ^-aminobenzyl glucuronide with protein. The im- 
munological properties of tliis antigen have been compared with those 
of a similar antigen containing the corresponding glycoside of glucose. 
Since tlie carbohydrate radicals of tliese two antigens have an identical 
stereochemical configuration, any differences in immunological prop- 
erties must be directly attributable to constitutional changes brought 
about by differences in the cliemical grouping occupying the sixtli 
position in each glycoside molecule. From tlie accompanjdng struc- 
tural formulae of the two />-aminobenz3d glycosides, it can be seen that 
in the glucoside tliis grouping is a primaty alcohol (CH2OH), whereas 
the highly polar carbo.xyl group (COOH) occupies tire sixtli position 
in the glucuronide. 


(elCHsOH (6) COOH 





^-Aminobenzyl /3-glucoside />-Aminobenzyl /3-glucuronide 


Chemical Methods 

Tctracciyl p-Niirobcnzyl ^-Glucoside. — This glucoside was prepared by shaking 
an ethereal solution of 15 gm. of acetobronaoglucose (7) with 1.2 mols of ^-nitro- 
benzyl alcohol and 1.2 mols of silver oxide until the ethereal solution no longer 
showed the presence of free bromo compound. After filtering and concentrating 
the solution in vacno, the glucoside crystallized on the addition of ethyl alcohol; 
5.3 gm. of glucoside were recovered. The glucoside was recrystallized from 
alcohol. The substance separated as needles melting at 132-133° (uncorrected). 

Rotation — [q:]d^° = —40.9° in CHCI3 (C = 1.0 per cent). 

Analysis — Ci3Hi308(C0CH3)4N. Calculated. C 52.2, H 5.2. 

Found. “ 52.4, “ 5.3. 

p-Nitrobcuzyl Glucoside — 10 gm. of tetracetyl />-nitrobenzyl j8-glucoside were 
suspended in 200 cc. of absolute methyl alcohol at 0° and deacetylated by treating 
A\ith 1/30 mol of barium methylate, according to the method of Isbell (8). After 
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Specific Precipitin and Iiihihiiion Tests . — The sera of rabbits im- 
munized respectively with tire azoprotein antigens containing the 
benzyl glycosides of glucose and glucuronic acid were tested for the 
presence of homologous and heterologous precipitins. In order to 
eliminate any interference from common protein antibodies, the test 
antigens were prepared by combining the same glycosides with the 
proteins of chicken serum in tlie usual manner. The results of the 
precipitin tests are given in Table I. From the results given in Table 
I it can be seen that the two carbohydrate-protein antigens give rise 
in rabbits to antibodies which are specific and show no serological 


TABLE I 

Precipitins in Sera of Rabbits Immunized with Glucose and Glucuronic Acid Antigens 


Antiserum prepared by 
immunization with 

Test antigen used 

Final dilution of test antigen 

1:2000 

1:10,000 

1:50,000 

1:100,000 

Glucose-globulin* 

Glucose-chick 

Glucuronic acid-cliick 

++ 

0 

H — hH — t" 
0 

+++ 

0 

+-b 

0 

Glucuronic add-glob- 
uUn 

Glucose-cliick 

Glucuronic acid-chick 

0 

++ 

0 

+++rfc 

0 

-f-b-b 

0 

-b-b 


♦ For the sake of brevity the immunizing antigens, prepared by combining the 
/>-aminobenzyl glycosides of glucose and glucuronic acid with normal horse serum 
globulin, are referred to as glucose-globulin, etc. The test antigens, prepared by 
combining the same glycosides to chicken serum proteins, are referred to as glucose- 
chick, etc. 

crossing. The specificity of these serological reactions is further em- 
phasized by the results of the specific inhibition tests given in Table 
II, in which it may be seen that the precipitation of the glucose test 
antigen in homologous antiserum is inhibited only by the glucoside, 
whereas the specific reaction of the glucuronic acid antigen in homol- 
ogous antiserum is inhibited only by the glucuronide. 

It has previously been pointed out that the carbohydrate radicals 
of the artificial antigens differ from each other only in the nature of the 
chemical grouping on the sixth carbon atom of each glycoside. Al- 
though the stereochemical configuration of the asymmetric carbon 
atoms of the two glj'^cosides is in each instance identical, yet this 














wAi-TincR r. r.oniiF.i, 


33 


configurational identity is not reflected in tire specificity of the anti- 
bodies to rvhich the conjugated protein-glycosides give rise. The 
distinct and shaqrly defined spccificit}' of these two antigens appear, 
therefore, to be directly attributable to differences in polarity of the 
primary' alcohol group in the glucosidc molecule, and the carboxjd 
group in the glucuronide molecule. 

Predpilin Reactions of Glucuronic Acid and Glucose Antigens in 
Anti pneumococcus Sera Types II, III, and VIII. — ^The opinion has 
frequently been e.\‘prcsscd in communications from this laboratory that 
the uronic acid constituents of the specific polysaccharides of encapsu- 

TABLE n 

Ifihilnlion of Precipitin Reactions of Glucose and Glucuronic Acid Antigens in 
Iloinotogous Sera by p-Aniinobcnsyl Glycosides of Glucose and 
Glucuronic Acid 


ADlis^nim prepared by 
imnuniration vritb 

0.9 per cent 

1 sail 

solution 

Jnhibiting 

glycoside 

Test antigens 
(1:5000) 1 

_ 1 

Result 

! U/IO 

1 f^-anuno- 
1 bcar>'I 
glucosidc 

u/10 

bcnz>'I 

glucuronide 

Glucose* 

chick 

Glucu- 
ronic add- 
chick 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 


Glucose-glob* 0 . 2 

0.3 



0.5 


+++± 

ulin 0.2 


0.3 


0.5 


0 

0.2 ! 

1 



0.3 

0.5 


+++± 

Glucuronic add- 0.2 

0.3 




0.5 

++± 

globulin 0.2 


0.3 



0.5 

H — 

0.2 



0.3 


0.5 

0 


lated bacteria are important in determining the specificity of the latter, 
and that the carboxyl groups of the polysaccharide may actually enter 
into chemical combination with reactive groups in the homologous 
antibody molecule. The specificity of these serological reactions is 
believed to be governed by the configurational relationship of the 
specifically reacting groups in the homologous antibody and carbo- 
hydrate molecules. 

The important function of the uronic adds of bacterial polysac- 
charides in determining immunological spedfidty is strikingly empha- 
sized by the results given in Table m. It may be seen that the glu- 
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curonic acid-protein antigen reacts in high dilutions with Types II, 
III, and VIII antipneumococcus horse sera, whereas tlie corresponding 
glucose-protein antigen is serologically inert. It has been found in 
this laboratory that tlie specific carbohydrates of Types III and VIII 
(and probably Type II) Pneumococcus contain glucuronic acid as an 
important constituent of tlie polysaccliaride molecule. The Type I 


TABLE III 


Precipitin Reactions of Glucose and Glucuronic Acid Antigens in Antipneumococcus 
Horse Sera Types I, II, III, and VIII 


Anlipncumo- 

coccus 

1 

Test antigen used 


Final dilution of test antigen 


horse scrum 

1:10,000 

1:50,000 

1:200,000 

1:1,000,000 

Typt 

I 

Glucose-chick 

0 

0 : 

0 

0 

II 

(( c< 

0 

0 1 

0 

0 

ni 

t( tc 

+ . 

+ 

0 

0 

VIII 

t( C( 

0 

0 

0 

0 

I 

Glucuronic acid-chick 

0 

0 

0 

0 

II 

<( <c 

H — h 


+ 

0 

III 

(1 (t If 


; ++++ 

■j — 1 — 1-± 

+ 

VIII 

1 

(( it it 


d — hi 

J — h 

db 


TABLE IV 

Precipitin Reaction of Glucuronic Acid Test Antigen in Uuabsorbed and Absorbed 
Type III Antipneumococcus Serum 


An tipn eumococcus 
horse scrum Type III 

Final dilution of glucuronic acid test antigen 

: 1:2000 

1:10,000 

1:100,000 

Unabsorbed 

++ 

++++ 

-f-t-++ 

Absorbed with SSS III 

0 

0 

0 


pneumococcus specific carbohydrate, on the other hand, apparently 
contains galacturonic acid. The precipitation of the artificial antigen 
in Types II, III, and VIII antipneumococcus horse serum may be 
attributed to the interaction of the glucuronic acid radical of the azo- 
protein with antibodies elicited by the uronic acid groupings of the 
bacterial polysaccharides. It may be seen in Table IV that if the 
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tj’pc-spccific antibodies in pneumococcus scrum Tj'pe III are first 
removed by absorption with the soluble specific substance, the ab- 
sorbed semm fails to react with tlie artificial glucuronic acid-protein 
antigen. It is evident, therefore, that the precipitation of the arti- 
ficial antigen in antipncumococcus scrum T3'pe III (and probably in 
Tj'pes II and VIII as well) represents a reaction between tlie type- 
spcdfic polysaccharide antibodies and the uronic acid radical of the 
glucuronic acid-protein antigen. This fact is emphasized by the 

TABLE V 

Inhibition of Precipitin Reaction of Glucuronic Acid Antigen in Antipncumococcus 
Sera Types II, III, and VIII, by p-Ami>wbc»zyl Glycosides of 
Glucose and Glucuronic Acid 


Aniipncumococcus 
horse serum 

0.9 per cent 
: XftCi solution 

InbibiUns gl>'Cosidc 

Glucuronic 
add-chick 
test antigen 
(1:5000) 

Result 

I Jf/IO 

^•aminobenrj*! 
glucoside 

w/lO 

p-aminobenryl ' 
glucuronjdc 

Type «r. 

cc. 

cc. 

cc. 

mmnn 


n 0,2 

0.3 




+-I-+ 

0.2 


0.3 



++ 

0.2 



0.3 

0.5 

0 

in 0.2 

0.3 



0.5 

1 ++++ 

0.2 


0.3 


0.5 

4-4-++ 

0.2 



0,3 

0.5 

0 

vm 0.2 

0.3 



0.5 

+++ 

0.2 


0.3 


0,5 

+++ 

0.2 



0.3 

0.5 

0 


results given in Table V, in which it may be seen that the serological 
activity of the glucuronic add-protein antigen in antipneumococcus 
sera Types II, III, and VIII is completely and specifically inhibited 
by the addition of the p-aminobenzyl glycoside of glucuronic add, 
but not by the corresponding glycoside of glucose. 

In contrast to these observations, it has been found (Table VI) that 
when T}^e III antipneumococcus serum is absorbed with the glu- 
curonic add antigen, the antibodies reactive with the homologous 
capsular polysaccharide are not completely removed. It has been 
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found, furthermore, tliat the absorbed serum still reacts with the heter- 
ologous Type Vni pneumococcus polysaccharide. 

Although tlie glucuronic acid-protein antigen reacts in antipneumo- 
coccus horse sera Types II, III, and VIII, no serological reactions 
occur in the corresponding antipneumococcus rabbit sera. The sera 
of rabbits which have been immunized with the glucuronic acid-protein 
antigen do not agglutinate Types II, III, or VIII pneumococci, nor 
do they precipitate the corresponding specific capsular polysaccharides. 

TABLE VI 

Precipitin Reactions of Specific Polysaccharides of Types III and VIII Pneumo- 
coccus in Type III Antipneumococcus Scrum Absorbed loith Glucuronic 

Acid Antigen 


Antipneumococcus 

Spcci6c 
polysac- 
charide 1 
used as test 
antigen 


Final dilution of specific polysaccharide 

serum Type III 

1:200,000 

1:1,000,000 



1:6,000,000 


Type 






Unabsorbed 

ni 

++++ 

++± 

-1 — [- 

4-± 

+ 

Absorbed with glucu- 
ronic acid-chick 

III 

+ + + + 

++± 

++ 

+± 

+ 

Unabsorbed 

VIII 

H — i — k 

-h-b 

+ 

± 

0 

Absorbed with glucu- 
ronic acid-chick 

VIII 

-| — 1 — 1_ 

++ 

1 

+ 


0 


DISCUSSION 

The important role played by acid groups in determining the speci- 
ficity of certain azoproteins has been emphasized and extensively in- 
vestigated by Landsteiner and his coworkers (11). In the case of 
azoproteins containing substituted aromatic nuclei, it has been es- 
pecially well demonstrated that the nature of tlie acid groups and their 
relative position in the benzene nucleus are important factors in deter- 
mining serological specificity. It is not surprising, therefore, to find 
that artificial antigens containing tlie azobenzyl glycosides of glucose 
and glucuronic acid show separate and distinct specificities. Each 
glycoside contains four asymmetric carbon atoms. The /'-amino- 
benzyl glycosides of glucose and glucuronic acid have an identical 
stereochemical configuration, however, and differ from one another 
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only in (he nature of the chemical grouping occupying the sixUi 
position. In the ease of the glucosidc Uiis grouping is a primary' alcohol 
(CH:OH), whereas in thcglucuronidc a highly polar carbo.xyl (COOH) 
group occupies this position. 'J'his dilTcrcncc in molecular structure 
suffices to confer distinct and specific serological characteristics upon 
antigens containing these two carbohy'dratc radicals. It is remarkable 
that the antisera to these two antigens show no serological crossing 
despite the identity in configuration of the asy'mmetric carbon atoms of 
each carbohydrate. The immunological specificity exhibited by both 
antigens appears referable, therefore, to a distinct individuality' con- 
ferred upon cadi by' changes in the chemical grouping occupying the 
sbcUi position in each hexoside radical. 

The important role play'cd by' acid groups in determining tlie sero- 
logical spcdficity of certain bacterial polysaccharides is likewise em- 
phasized by' the precipitin reaction of the glucuronic acid antigen in 
antipneumococcus horse sera Ty'pes II, III, and \TII. In this respect 
the artifidal glucuronic acid-protein antigen bears a striking immuno- 
logical relationship to the spedfic bacterial polysaccharides, tliough the 
chemical relationship resides solely' in the common uronic acid constit- 
uent. In preliminary reports of this investigation (12), it was pointed 
out that the serological activity' of the artificial glucuronic acid-protein 
antigen in antipneumococcus sera might be attributed to the inter- 
action of the antigen w'ith antibodies related to the uronic acid con- 
stituents of the bacterial polysaccharides. Further evidence in sup- 
port of this point of view has since been presented by Marrack (13) 
and his associates, who have found that an artifidal azoprotein anti- 
gen containing the naturally occurring glycoside of glucuronic acid; 
euxanthic acid, reacts in high dilutions in Type II antipneumococcus 
serum. 

That the serological activity of the glucuronic add antigen in anti- 
pneumococcus sera Types II, III, and VIII represents a reaction be- 
tween the artificial antigen and the specific carbohydrate antibodies in 
these sera is dearly substantiated by the results of the spedfic absorp- 
tion and inhibition tests. Despite the intimate serological relation- 
ship which the glucuronic acid antigen bears to the capsular polysac- 
charides of Types II, III, and VIII pneumococcus, yet it is not possible 
to remove from antipneumococcus serum Type III the carbohydrate 
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antibodies by absorption witli the artificial antigen. This lack of 
complete reciprocal ' absorption is not fully understood, but it is pos- 
sible that quantitative precipitin studies may throw light on this 
perplexing question. 


SUMMARY 

1. Artificial carbohydrate-protein antigens containing the azobenzyl- 
glycosides of glucose and glucuronic acid give rise in rabbits to anti- 
bodies wliich are distinct and immunologically specific. 

2. The artificial antigen containing glucuronic acid reacts in high 
dilutions in antipneumococcus horse sera Types II, III, and VIII. The 
chemical basis for this serological activity is discussed. 
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AN AIR-DRIVEN ULTRACENTRIFUGE FOR MOLECULAR 

SEDIMENTATION 

Bv J. BISCOi:, K. G. PICKELS. Ph.D., and RALPH W. G. WYCKOFF, Pn.D. 

{Frov: the lA^horaiorics of The JxockcfcJIcr Institute for Medical Research, and the 
Laboratories of the International Health Division of the Rockefeller 
Foundation, Nciv York) 

Plates 2 to 4 

(RcccK'cd for publication, April 14, 1936) 

Centrifuging at verj^ high speeds is one of the most fruitful methods 
for studjdng large molecules in solution. Apparatus for carr^dng out 
such studies has been developed by Svedberg^ over the last 12 years 
and has been used by him and his students in the investigation of a 
large number of macromolecular S3^stems, In this equipment high 
rotational speeds arc obtained by driving a large steel rotor with a 
turbine using oil under several atmospheres pressure. Such a machine 
is so elaborate and costly both to build and to maintain that as yet 
no duplicates of it have been put in operation. 

The development of usable air-driven turbines for high rotational 
speeds* has opened up the possibility of making comparatively inex- 
pensive ultracentrifuges. One such air-driven machine for molecular 
sedimentation^ has already been described; it has the disadvantage 
with respect to Svedberg^s that it uses much smaller rotors and is 
accordingly incapable of yielding results of equal accuracy. The 
apparatus described in the present paper is one that we have been 
developing to provide data needed in studying viruses and crystalline 
proteins. It has been built in our own shop and the materials neces- 
sary for its construction, including the lenses, have cost less than one 
thousand dollars. In designing this ultracentrifuge we have sought 

^ See Svedberg, T., Naturmssenschaften, 1934, 22, 225 for bibliography. 

^ See Beams, J. W., and Pickels, E. G., Rev, Scieni, Instruments, 1935, 6, 299 
for bibliography. 

^ McBain, J, W., and O’Sullivan, C. M., /. Am* Chem, Soc,, 1935, 67, 2631, 
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to utilize, to the greatest possible extent, the experience embodied in 
the publications of Svedberg. We have therefore copied his optical 
system directly and have employed large rotors capable of giving the 
6.5 cm. distance between cell center and rotation axis which he has 
adopted for his most accurate measurements. 

In all forms of the ultracentrifuge for tlie sedimentation of molecules 
in solution, a small volume of tliis solution is enclosed in a cell that can 
be rotated at high speeds. If tlie dissolved substance has a density 
different from that of tlie solvent, there will be a gradual separation 
of the two kinds of molecules due to the intense “gravitational” field 
produced by the rotation. The extent of this separation can be meas- 
ured by photographing through the mo\dng cell. Two methods for 
carrying out this photography have been devised, one based on changes 
in absorption, the other on variations in refractive index. We are 
using the former in which the chosen light is such that it is transmitted 
by the solvent but absorbed by the solute. By measuring in this 
way the rate or the extent of the separation of solvent and solute data 
are obtained that give an indication of the weight and shape of the 
dissolved molecules. From tliis outline it can be seen that the essen- 
tials of an ultracentrifuge consist of (1) a rotor containing the cell and 
its solution so mounted that it can turn at high speeds, (2) a driving 
mechanism for the rotor and (3) a camera and suitable light source 
for obtaining pictures through the rotating solution. 

General Description 

The general arrangement of these essential parts in our apparatus, similarly 
lettered in the drawing and the pictures, is shown in Text-fig. 1 and Figs. 1-4. 
The driving mechanism, patterned after that of Beams and Pickels," is a small 
bronze air turbine (A). Attached to this turbine is a steel shaft (B) that, passing 
through an oil-sealed bearing (g), supports the large duralumin rotor (C) turning 
in the vacuum chamber (D). In obtaining photographs of the rotating solution, 
suitably filtered light from a mercury vapor arc (E) passes into the vacuum cham- 
ber through a bottom quartz window, then intermittently through the solution 
cell in the turning rotor, out through another quartz window (a) and along the 
camera tube (F) to be registered on a plate in the holder (G). 

A cross section through the driving mechanism is shown in Text-fig. 1. De- 
tails of construction not shown in this figure, such as the nature of the flutings 
to be milled in the turbine and the positions of the air ports in the conical driver, 
are to be found in the paper by Beams and Pickels. The necessaiy^ air-tight but 
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to utilize, to the greatest possible extent, the experience embodied in 
the publications of Svedberg. We have therefore copied liis optical 
system directly and have employed large rotors capable of giving the 
6.5 cm. distance between cell center and rotation axis which he has 
adopted for his most accurate measurements. 

In all forms of the ultracentrifuge for the sedimentation of molecules 
in solution, a small volume of this solution is enclosed in a cell that can 
be rotated at high speeds. If tlie dissolved substance has a density 
different from that of the solvent, there will be a gradual separation 
of the two kinds of molecules due to the intense “gravitational” field 
produced by the rotation. The extent of this separation can be meas- 
ured by photographing through the moving cell. Two methods for 
carrying out this photography have been devised, one based on changes 
in absorption, the other on variations in refractive index. We are 
using the former in which the chosen light is such tliat it is transmitted 
by the solvent but absorbed by the solute. By measuring in this 
way the rate or the extent of tlie separation of solvent and solute data 
are obtained that give an indication of the weight and shape of the 
dissolved molecules. From this outline it can be seen that the essen- 
tials of an ultracentrifuge consist of (1) a rotor containing the cell and 
its solution so mounted that it can turn at high speeds, (2) a driving 
mechanism for the rotor and (3) a camera and suitable light source 
for obtaining pictures through the rotating solution. 

General Description 

The general arrangement of these essential parts in our apparatus, similarly 
lettered in the drawing and the pictures, is shown in Text-fig. 1 and Figs. 1-4. 
The driving mechanism, patterned after that of Beams and Pickels,® is a small 
bronze air turbine (^). Attached to this turbine is a steel shaft {B) that, passing 
through an oil-sealed bearing (g), supports the large duralumin rotor (C) turning 
in the vacuum chamber {D). In obtaining photographs of the rotating solution, 
suitably filtered light from a mercury vapor arc (E) passes into the vacuum cliam- 
ber through a bottom quartz window, then intermittently through the solution 
cell in the turning rotor, out through another quartz window (a) and along the 
camera tube (F) to be registered on a plate in the holder (G). 

A cross section through the driving mechanism is shown in Text-fig. 1. De- 
tails of construction not shown in this figure, such as the nature of the flutings 
to be milled in the turbine and the positions of the air ports in the conical driver, 
are to be found in the paper by Beams and Pickels. The necessary air-tight but 
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a greater bearing surface, necessitating a greater driving air pressure and a some- 
\Yhnt increased flow of oil. 

The rotors for this ultraccnlrifugc have thus far been of duralumin. A study^ 
has been made to establish a suitable rotor shape and to determine the maximum 
speed that can safely be attained witli the commercially available alloys. A rotor 
of the chosen shape is shown at (C). It is 7 inclics in diameter and of a tapering 
thickness that is 1 inch at the edge and 2 inches near the axis; the outside edge 
of the cell hole is half an inch from the pcriphcr>% The maximum permissible 
speed for such a rotor made of ordinar>" duralumin (17 ST) is slightly over 800 
R.F.?.; if alloy 14 ST is used, 900 R.r.s. arc possible. At 800 r.p.s. the field at the 
center of the cell is 180,000 limes gravity; at 900 R.r.s. it is 225,000 gravity. 
These experiments on rotors have also indicated the amount of shielding that must 
be pro\ddcd against bursting rotors. The lop and bottom plates (d) of the vacuum 
diambcr arc of half inch boiler plate, the cylinder (D) is of 1} inch thick heat- 
treated chrom-N-anadium steel. Protection from a broken turbine is furnished 
by the three sided wooden barricade (P) filled with sand. 

\Micn in operation a \^cuum of less than 1 mm. of mercury is maintained in 
the chamber (D) b)' a fast oil pump operating through the port (^). Residual 
air pressure is indicated b}' a gauge (/>) connecting with (/). The cylinder (D) 
and the top and bottom plates (d) are scaled by soft rubber rings. 

The liquid to be centrifuged is contained in a cell («) that is essentially the same 
as Svedberg’s. It differs mainly in that, being fillable from the end during assem- 
bly, an oil seal is unnecessary'. 

The optical system for absorption measurements of the extent of sedimentation 
is indicated in Figs. 1, 3, and 4. In our w'ork we are dealing with proteins, all 
of which show strong absorption for ultraviolet wave lengths shorter than ca. 
2750 A. Combined chlorine and bromine filters of appropriate thickness (8 cm. 
of chlorine gas, 2.5 cm. of bromine vapor at room temperature) absorb all wave 
lengths between the green and ca, 2700 A, Distribution of protein within the cell 
can therefore be recorded on photographic plates sensitive only to the blue (and 
ultraviolet) by employing the light from a quartz mercury lamp after passage 
through these filters. In Fig. 4 light from the mercury arc in (£) is rendered 
roughly parallel by the quartz condensing lens (P) and, passing through the 
bromine (5) and chlorine (T) filters, is reflected by the aluminum-sputtered mirror 
(F) through quartz windows into the vacuum chamber (D). The light through 
the cell emerges through a second window (o) in the top of the chamber, is re- 
flected by a second aluminum mirror in (W) and is focused by the 100 cm. focal 
length quartz-fluorite lens at (X) upon the plate at (G). The total distance from 
the rotor C to the plate G is 4^ meters; the lens (X) can move through 12 cm. 
about a point in (F) 3 meters distant from (G). When in operation exposures 


^ Biscoe, J., Pickets, E. G. and Wyckoff, R. W. G., Rev, ScienL Iminiments 
1936, in press. * 
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flexible connection between the driver and the top (d) of the vacuum chamber is 
provided by a short length of rubber pressure tubing (c). If the rotor is to turn 
smoothly the bearings must be carefully and accurately reamed to fit closely the 
chosen shaft; furthermore this shaft should be straight and precisely centered 
in the turbine clutcli («;). It is equally important that the rotor clutch («) be 
exactly in the axis of rotation and tliat the dummj' cell (w) be of sucli a weight 
that when loaded with its cell the rotor is well balanced about the axis. 

The speed of the turbine and rotor is determined by observing with a strobo- 
scope a spot of paint on the top of the turbine. The stroboscope consists of a 
slotted disc (Q) mounted, together with a small magneto, on the shaft of a storage 
battery driven motor. Speeds can thus be read directly in terms of tlie voltage 
developed by the magneto. The necessary compressed air is drawn from the 
house high pressure lines. A very small flow (a few cubic centimeters per hour) 
at 5-15 lb. pressure is used to force oil from the tank (E) through the inlet (7) 
into the pocket between the bearings. Oil passing the upper bearing drips from 
the outlet {K ) ; that passing the lower bearing is thrown clear of the shaft by a 
conical deflector (i), falls into a well (g) and drips through (r) into a collector at- 
tached to the vacuum chamber. At low speeds it is desirable to use a supporting 
air column for the rotating system. For this purpose air at 30-40 lb. pressure is 
introduced through the inlet (L); at higher speeds, above ca. 200 R.P.S., this air 
stream is not of advantage. The driving air, at pressures up to ca. 100 Ib./sq. in., 
is fed into the inlet (M). The pressure on the usual compressed air line is variable 
so that some kind of regulation is needed to drive the rotor at constant speed. 
For studies of sedimentation velocity it is possible to obtain a suSiciently good 
manual control using a well made gate valve as a reducer. It is, however, better 
to install an automatic pressure regulating reducer for sedimentation rate deter- 
mination, and one is essential for the long equilibrium runs. Several such reducing 
valves capable of handling a sufficiently large air flow are made commercially; 
one is shown at (A). At low speeds this regulator results in rotor speeds that are 
constant within 1 per cent even when the line pressure varies by 40-50 Ib./sq. in.; 
at the highest speeds the regulator has given constancy within ca. 2 per cent but 
this can be improved either bj’^ manual help or by having a steadier line pressure. 
It is very important that the incoming air be clean, both for the proper functioning 
of such a regulator as (A) and to prevent clogging of the driving ports. One of 
the numerous commercially available compressed air filters should therefore be 
installed close to the regulator, and brass and rubber rather than iron piping 
should be used between the filter and tlie turbine. 

The optimum diameter of the steel driving shaft will depend on the speed at 
which the ultracentrifuge is to operate. For higher speeds {ca. 300-900 k.p.s.) 
piano wire or drill rod 0.100-0.110 inch thick is satisfactory. It is essential tliat 
the shaft be strictly uniform in diameter, and straight. While a shaft of this size 
can be used for speeds below ca. 300 r.p.s. the resulting system is liable to show 
several regions of mechanical vibration when turning slowly. These vibrations 
disappear if the shaft is of 3/16 inch drill rod. This larger shaft of course presents 
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a greater bearing surface^ necessitating a greater driving air pressure and a some- 
what increased flow of oil. 

The rotors for this ultraccnlrifugc have thus far been of duralumin. A study^ 
has been made to establish a suitable rotor shape and to determine the maximum 
speed that can safely be attained with the commercially available alloys. A rotor 
of the chosen shape is sliown at (C). It is 7 indies in diameter and of a tapering 
thickness that is 1 inch at the edge and 2 inches near the axis; the outside edge 
of the cell hole is half an inch from the periphery^ The maximum permissible 
speed for such a rotor made of ordinary^ duralumin (17 ST) is slightly over 800 
n.r.s.: if alloy’ 14 ST is used, 900 r.p.s. arc possible. At 800 r.p.s, the field at the 
center of the cell is 180,000 times gravity; at 900 r.p.s. it is 225,000 gravity. 
These c.xpcrimenls on rotors liavc also indicated the amount of shielding that must 
be provided against bursting rotors. The top and bottom plates (<f) of the vacuum 
chamber arc of half inch boiler plate, the cylinder (D) is of inch thick heat- 
treated chrom-\’anadium steel. Protection from a broken turbine is furnished 
b\’ the three sided wooden barricade (P) filled witli sand. 

^^^lcn in operation a %’acuum of less than 1 mm. of mercury is maintained in 
the diambcr {D) by a fast oil pump operating through the port (k). Residual 
air pressure is indicated by’ a gauge (p) connecting with (/). The cylinder (D) 
and the top and bottom plates (d) arc scaled by soft rubber rings. 

The liquid to be centrifuged is contained in a cell («) that is essentially the same 
as Svedberg's. It differs mainly in that, being fiUable from the end during assem- 
bly, an oil seal is unnecessary. 

The optical sy’stem for absorption measurements of the extent of sedimentation 
is indicated in Figs. 1, 3, and 4. In our work we are dealing with proteins, all 
of which show strong absorption for ultraviolet wave lengths shorter than ca, 
2750 A. Combined chlorine and bromine filters of appropriate thickness (8 cm. 
of chlorine gas, 2.5 cm. of bromine vapor at room temperature) absorb all wave 
lengths between the green and ca, 2700 A. Distribution of protein within the cell 
can therefore be recorded on photographic plates sensitive only to the blue (and 
ultraviolet) by’ employing the light from a quartz mercury lamp after passage 
through these filters. In Fig. 4 light from the mercury arc in (E) is rendered 
roughly parallel by the quartz condensing lens (i?) and, passing through the 
bromine (5) and chlorine (T) filters, is reflected by the aluminum-sputtered mirror 
(F) through quartz windows into the vacuum chamber (D). The light through 
the cell emerges through a second window (a) in the top of the chamber is re- 
flected by a second aluminum mirror in (W) and is focused by the 100 cm. focal 
length quartz-fluorite lens at (X) upon the plate at (G). The total distance from 
the rotor C to the plate G is 4^ meters; the lens (X) can move through 12 cm 
about a point in (F) 3 meters distant from (G). When in operation exposures 

^Biscoe, J., Pickels, E. G. and Wyckoff, R. W. G., Rev. ScienL Inzlruments 
1936, in press. ' 
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are made with an electromagnetically operated timing shutter placed between 
the condensing lens (i?) and the filter (S). A rotating shutter of variable aperture 
(not shown) is used to lengthen the exposure when making the variously timed 
exposures required for plate calibration. The exposure varies from 1-10 seconds 
depending on the type of photographic plate used and the voltage drop across the 
lamp. With a camera as long as that shown, precautions must be taken to pre- 
vent vibration. This has been done by mounting the tube on Lally columns 
1^2, Fs). The bases of these columns, as well as the posts (Z) that support 
the ultracentrifuge, are all imbedded in bloclcs of cement themselves supported 
on half incli thick rubber pads. 

Provision has been made for simultaneous measurements by the absorption 
and refractive index methods. To do tliis a second set of windows (b) and a 
second, and longer, camera tube (/) have been placed at right angles to those for 
absorption. 

In order to have accurate measurements of sedimentation it is necessary to 
know the temperature of the sample during the experiment. There are two ways 
in which the rotating system could become heated. One is tlirough friction 
developed in the shaft bearings (g), tlie other is through frictional interaction 
between the rotor and the small amount of gas remaining in the evacuated cham- 
ber. We have made a number of experiments to estimate the amount of this 
heating. In one set a thermocouple was inserted into the lower bearing (g) and 
a second couple of very low heat capacity was mounted within the chamber along 
the axis of the turning rotor, and close to it. In other tests the ultracentrifuge 
was operated at high speed for many hours, stopped as quickly as possible and the 
rotor temperature compared with that of the chamber walls. Having also deter- 
mined the rate of cooling of a stationary rotor it was possible to estimate the 
maximum temperature of the turning rotor. These trials have shown that under 
our conditions of operation the maximum rise in temperature for runs at 800 r.p.s. 
is of the order of 2°C.; at lower speeds it is even less. The switchboard used for 
handling these thermocouple measurements during runs is shown at (/{). 

In order to check the operation of the ultracentrifuge before using 
it upon proteins of unknown molecular weights, a series of determina- 
tions was made of the sedimentation constant of horse hemoglobin 
that had been repeatedly recrystallized according to the methods of 
Heidelberger.® One of these photographs made with tire rotor turning 
at 800 R.p.s. is shown in Fig. 5. Sedimentation constants from indi- 
vidual experiments differed from the mean by 0.1 x 10“^® cm./sec. 
Several systems consisting of viruses and of cr3'^staUizable proteins 
are now being analyzed with this instrument. Results obtained with 


6 Heidelberger, M., J. Biol. Chem., 1922, 63, 31. 
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various strains of the cr}’stalHnc proteins^" of the tobacco mosaic 
disease will shortly be published; one of tlic photographs from this 
study illustrating the sedimentation of a large molecule at low speeds 
is reproduced in Fig. G. 

We art indebted to Mr. J. B. I^agsdin for much help in connection with the 
design and building of this apparatus. 

smraARY 

Details of construction arc given for an air-driven ultracentrifuge 
for molecular sedimentation. This instrument, like the standard oil- 
driven machine of Svedberg, uses rotors giving a 6,50 cm. radius of 
rotation and has cameras of great depth of focus. 

EXPLANATION OF PLATES 

PtJVTE 2 

Fig. j. a \icw of the control panel and tlic absorption camera of the ultra- 
centrifuge. 

Fig. 2. A photograph of the rotating system removed from the vacuum cham- 
ber. C/. Text-fig. 1. 

Plate 3 

Fig. 3. A view of the centrifuge and its mountings. 

Plate 4 

Fig. 4. A view of the optical system used for the ultraviolet photograph}^ of 
proteins by the absorption method. 

Fig. 5. A series of pictures showing the course of sedimentation of hemo- 
globin molecules. Light source: Ausible light from incandescent lamp. Ex- 
posure time: 2 seconds. Speed: 800 n.p.s. Interval between exposures: 10 
minutes. 

Fig. 6 . A similar picture showing sedimentation of the very heavy crystalline 
protein® of the tobacco mosaic disease. Light source: ultraviolet light after 
filtration through chlorine and bromine cells. Exposure time: 4 seconds. Speed; 
140 R.p.s. Intervals between exposures: 5 minutes. 


® Stanley, W, M., Scieuce, 1935, 81, 644. 
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IMMUNIZATION EXPERIMENTS WITH SWINE INFLUENZA 

VIRUS 


By RICHARD E. SHOPE, M.D. 

{Frovi the Dcpartviait of Animal and Plant Pathology of The Rockefeller Institute for 
^fcdical Research, Princeton, N. 7.) 

(Received for publication, April 10, 1936) 

In earlier experiments (1) it was shown that swine influenza virus, 
administered intramuscularly, immunized pigs to swine influenza 
and achieved this result without inducing evidence of infection. It 
was pointed out that this method of immunization might be of practi- 
cal value. 

The discovery by Smith, Andrewes, and Laidlaw that ferrets (2) 
and mice (3) are also susceptible to swine influenza virus has made it 
possible to compare the immunity produced by various methods in 
these small animals vnth that similarly produced in the natural host. 
The present experiments were conducted in an effort to determine the 
effect of dosage, route of administration, and animal source upon the 
efficacy of swine influenza virus in immunizing swine, ferrets, and 
mice. 


EXPERIMENTAL 

Preparation of Virus for Use as Vaccine 

The strain 15 (Iowa, 1930) swine influenza virus was used in all experiments. 
It will be designated swine, ferret, or mouse virus in this paper to indicate its 
immediate animal source and the only species other than swine through which it 
has passed. All mouse virus used had been transferred serially at least five times 
in mice, and aU ferret virus at least fifteen times in ferrets. 

To prepare virus for use as vaccine, weighed amounts of infected lung which 
had been in glycerol in the refrigerator for from 3 days to a month were ground 
with sand to make 5 per cent suspensions in physiological salt solution. These 
were allowed to sediment for 10 minutes and the supernatant fluid removed by 
pipette was employed as the vaccine. All virus suspensions were prepared on the 
day on which they were to be used. 
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Titration of Swim Injlmnza Virus Used to Vaccinate 

The approximate number of mouse-infecting doses of virus per cubic centimeter 
of vaccine was estimated in some of the experiments. While these figures are not 
exact, they furnish an idea of the relative amounts of virus administered during 
the period of immunization. They were obtained as follows: Etherized mice were 
inoculated intranasally as previously described (4) with dilutions of 5 per cent 
virus suspensions, ranging at intervals of 10, to 1 :10,000. 3 or 4 mice were in- 
oculated with each dilution. All mice surviving on the 6th day were killed with 
chloroform and their lungs, as well as the lungs of those which died earlier, were 
examined for influenzal lesions. The highest dilution of virus causing definite 
lung lesions in one or more mice inoculated was taken as the virus titer. From 
this the number of mouse-infecting doses of virus per cubic centimeter of 5 per cent 
suspension was calculated on tlie assumption that approximately 0.1 cc. (4) of 
suspension entered the respiratory tract of each mouse inoculated. Thus a sus- 
pension whose highest infectious dilution was 1:100 would contain 100 mouse- 
infecting doses of virus for each 0.1 cc. or 1000 per cc. These approximate values 
are recorded in two of the following tables. 

Active Immunization of Sivinc to Sivinc Influenza 

While it was known that swine virus administered intramuscularly 
actively immunized swine to swine influenza (1), it seemed of interest 
to determine whether ferret virus and mouse virus would achieve a 
similar result. 

A number of swine were given two subcutaneous or intramuscular inoculations, 
8 days apart, of swine influenza virus from various animal sources. They were 
tested for immunity to swine influenza IS or 33 days after their last immunizing 
dose of virus by the intranasal instillation of a mixture of swine influenza virus and 
J?. influenzae suis (5). After a 4 day observation period following the immunity 
test, during which their temperatures were recorded morning and evening, tliey 
were killed by chloroforming or bleeding. Their respiratory tracts were examined 
at autopsy for lesions of influenza and the lungs, and in some cases turbinates, were 
tested for virus by inoculation into mice. Blood serum obtained from each pig 
before and after immunization was tested in mice for virus-neutralizing antibodies 
by a method already described (6). The results of the immunization experiments 
in swine are given in Table I. 

As shown in Table I, 7 swine which received intramuscular or sub- 
cutaneous injections of swine influenza virus from ferrets, mice, 
or swine were found immune to swine influenza when tested later 
by intranasal inoculation with a mixture of swine influenza virus and 
H. influenzae suis (5). 2 control swine similarly inoculated developed 



TADLK I 

The Immunization of Sul nc to Sulnc Influenza 


KiaiAKD K. siiopj: 


49 


s 

X 

|_C 

B 

o 

i 

4- 

n 

^ o o 

c: 

%< 

'zi 

> ( p . 

J 1: r V 

II 

i 

c 

c c 

4; 

o o o 

V: ^ 
v i* 

rj? 

.L ^ 

C.O 


- 

i - 

4; 

+ o o 




- 

c 

Hi c 

o 

0+0 


n w r 

T 

"Z t* 

- 



4; 

4- + 4- 

-r -r -r 


t V K 

B~ 

*o 

± 

± ± 

4; 

i i i 

i 

' n £ 

It ** f: 

^■?.l 

.5: t 

y JK 


± 

4- -i- 

r.J -r 

4; 

+ + + 

V: 

£ ^ 


+ 

4- 4* 

4- 

i i i 

|i 






o 

o o o 









II 

r c 

w t> 

c 

t> 

h 

- 

■ o 

o 

o 

o o o 

5 

c 

0^. 

" 1 

! 

o 

o 

o o o 

n 5 

•. c 



! - 

1 ® 

c 

o 

o o o 

£ ^ 






o 

o 


r 

.H 

u 

p 

»o 1 



o 

+ o o 

C IT 
*•* « 

2 P 

Z3 

c 

r4 



o 

+ o o 

.c| 

1 


- 



o 

+ o o 

Ol 


C£ 

a 

t£ rt 

C ^ 




^ O o 

: ^ E g 


u 

c 

H '2 

= = = ° S 

»o 


I ” 


rt 

N 

a 

rt 

B 

£ 

o 

jO 

u 



cl 

K 

P 

CJ 


o 

CJ 



V 

3 

C3 


p 




C3 

.5 

u 

c 

.2 

*tn 

i 

(O 

p 

rt 

p 

.2 

CJ 

.s 

O 

c 

C 


u 

cS 


^P 

*& 

rt 

.£ 

a 

> 

O w 


in 

H 





C/3 




f* L« c .E t3 ^ 

I 


in m tn 


o E o 

|S| 

Ijg 

ii3 

. s C3 

o w 
2 ° 
c c 


S 3 


cs cs cs u 


J3 


- P 

B 


CS CS CS O 


O S 

t: g 


.552 


w to CJ 

'Mis 

c/3 


P 


O ri ^ 

CO O 
xn xn in in 


o 

>6 


■*-« CO <Nl 
lO lO to O 
SO vi ^6 v6 


.2 

‘c 

o 

H 

p 

u 

c 

c. 


•13 

c 


a 

s 

o 


c! 

.s 

+ 


.52 

o 

S 

3 

u 

C 

Q. 


3 

. C 

g-o 

3 tn 
C3 Qj 

" o J 

OT 'U 'S 

c ^ 

.2 o IT 

^ *55 **_i 

cn o 

t-t bl 'Ti 

cl ^ o 
S 2 .53 
g ^ a 

^ rS 2 
O.-- o 

o ^ 

S .53 

^ .2 fco 

■S s g 


o 

a 

’? 

c/3 

! O 


0 i) 

</3 " 

1 

s ^ 

II 

















50 


IMMUNIZATION WITH SWINE INFLUENZA VIRUS 


swine influenza that was typical both clinically and at autopsy. The 
ferret and mouse viruses appeared to be as effective in immunizing 
swine as was that derived from swine. 

No virus could be demonstrated in the lungs of the 6 swine tested 
although it was found in the turbinates of one of them. Previous 
experiments have shown that virus is regularly and abundantly present 
in the turbinates, tracheal exudate, and lungs of susceptible swine 
killed on the 3rd or 4th day of an influenza infection (7). The im- 
munized animals were thus not only refractory to infection but had 
also, with one exception, inactivated or destroyed the virus adminis- 
tered in testing for immunity. In the exceptional animal, virus 
established itself in the nose but failed to invade the lung. 

Antibodies neutralizing swine influenza virus appeared in the sera 
of all animals during the course of immunization. It was estimated, 
without recourse to titration, that these were of lower titer than those 
resulting from an attack of the disease. 

Active Immunization oj Ferrets 

Smith, Andrewes, and Laidlaw (8) attempted to immunize ferrets to 
swine and to human influenza virus by repeated subcutaneous injec- 
tions of each virus. According to a personal communication, ferrets 
were the immediate animal source of the virus used. Of the 11 ferrets 
included in their experiments, 2 were found completely resistant later 
to the test dose of virus given by intranasal or intrapulmonary inocu- 
lation under ether narcosis. The remaining animals developed either 
nasal symptoms or fever much like the controls. They differed from 
the controls, however, in that they showed no lung lesions at autopsy. 
It was concluded that in these animals a partial immunity, sufficient 
to protect the lungs from virus attack, had been established. 

In the present experiments an attempt was made to immunize fer- 
rets to swine influenza virus by the subcutaneous or intraperitoneal 
injection of ferret, mouse, or swine virus. 

2 cc. doses of 5 per cent infected lung suspension were administered either once 
or twice, at 8 day intervals, to each ferret. The animals were tested for immunity, 
IS to 41 days after their last immunizing injection, by intranasal inoculation under 
ether narcosis with 1 cc. of a S per cent suspension of swine influenza virus derived 
from ferret lung. After an obser\'ation period of from 4 to 7 days following the 
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TABLE n — Concluded 


Ferret No. 

Vaccination 

Results of tests 
for immunity 

Virus in respiratory tract 
at postmortem as tested by 
mouse inoculation 

Source of virus 

No. and route of inoc- 
ulations (each inoc- 
ulation 2 cc.) 

Mouse-infcctinff doses 
of virus per cc. 

Interval between last 
inoculation and 
immunity test 

Clinical illness 

Lung lesions at 
autopsy 
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immunity test, during which their temperatures were recorded morning and eve- 
ning, they were killed by chloroforming. Their respiratory tracts were examined at 
autopsy for evidence of infection (9) and in some cases the turbinates and lungs 
were tested for virus by inoculation into mice. The results of attempts to im- 
munize ferrets to swine influenza virus are given in Table II. The experiments 
included were not all conducted simultaneously. 

As shown in Table II, 8 of 9 ferrets that had received one or two 
subcutaneous injections of ferret virus were rendered immune to swine 
influenza virus. Little if any immunity, however, was established by 
the similar administration of swine or mouse virus. 6 ferrets that 
had received either one or two injections of swine virus, and 4 ferrets 
that had received one or two injections of mouse virus subcutaneously, 
were not immune and differed little or not at all from the control 
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animals with respect to illness and king lesions exhibited following their 
test infection. One ferret (No. 9-7) that had received two subcu- 
taneous injections of mouse virus developed an influenza that ap- 
peared typical clinically, but at autopsy its lungs were normal. Itis 
app.ircnt from the above experiments that, when given subcuta- 
neously, ferret virus is superior to that from either mice or swine in 
immunizing ferrets to swine influenza virus. No reason for this 
superiority of homologous over heterologous virus is evident. 

Tlic advantage of ferret over swine or mouse virus was less ap- 
parent when the immunizing inoculations were given intraperitoneally. 
All 3 ferrets that had received mouse virus into the peritoneal cavity 
and 2 of 3 of those similarl}' inoculated with swine virus were rendered 
clinically immune to swine influenza virus. These experiments 
indicate that the route b}' whicli heterologous swine influenza virus is 
administered to ferrets determines, to a marked degree, its effective- 
ness in producing immunit}'. 

The results of the tests for xdrus in the turbinates and lungs of a 
number of the ferrets, given in the last column of Table II, indicate 
that the lungs of immunized animals, which appeared normal at 
autops}", were also free from detectable virus. However, the turbi- 
nates of some of the ferrets that had shown no clinical symptoms con- 
tained sufficient \drus to infect mice. It is probable that these ferrets 
had been less effectively protected than those in which virus failed to 
become established in the turbinates following the test for immunity. 

The 14 ferrets in Table H which show'ed varying degrees of im- 
munity may be grouped into three classes : those immune and free from 
demonstrable virus; those imm une which had virus in the turbinates, 
and the single ferret (No. 9-7) which, though not clinically immune, 
developed no lung lesions and had virus only in its turbinates. The 
majority of ferrets in the experiments reported by Smith, Andrewes, 
and Laidlaw (8) would belong in the last group. 

Active Iininunisation of Mice 

Smith, Andrewes, and Laidlaw (8), and Francis and Magfll (10) 
have reported the imm unization of mice to human influenza virus by 
means of repeated doses of virus given subcutaneously, intradermally, 
or intraperitoneally, or by a combination of these routes. 
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The following experiments were conducted in an effort to define the 
conditions required for the immunization of mice to swine influenza 
virus. Preliminar}'- experiments had suggested that mice behaved 
towards homologous and heterologous swine influenza virus much as 
did the ferrets described in the preceding section. It seemed likely, 
therefore, that the question of immunization with swine influenza 
virus from various animal sources could be investigated more thor- 
oughly in mice than in ferrets. Moreover, since the infection produced 
by swine influenza virus in mice is both highly fatal and noncontagious 
(4), the efficacy of immunization procedures in this species may be 
determined by survival alone and the extreme isolation precautions 
essential with ferrets or swine are unnecessary. 

Mice 3 to 5 weeks old and weighing from 10 to 15 gm. at the beginning of the 
immunization procedure were used. 0.2 cc. doses of 5 per cent infected lung 
suspension were administered, either once, or repeatedly at 8 daj' intervals, to each 
mouse subcutaneously or intraperitoneally as recorded in Table III. The animals 
were tested for immunity to mouse lung swine influenza virus (either a 2 per cent or 
5 per cent suspension) administered intranasally under ether narcosis (4) 14 or 30 
days after their last immunizing dose of virus. The control mice, acquired from 
stock at the same time as those to be vaccinated and kept in the same isolation 
room, quite regularly succumbed to this amount of virus within 7 days. All mice 
dying were autopsied in order to establish that death had been the result of an 
influenza virus pneumonia. Survival was taken as the criterion of immunity. 
The results of attempts to immunize mice to swine influenza virus by various 
procedures are recorded in Table III. 

The four experiments presented in Table III are not strictly comparable for, 
while the amount of infected lung suspension used to vaccinate was kept constant, 
the virus content of these suspensions varied from approximately 100 to 10,000 
mouse infecting doses per cc. Within individual experiments, however, the 
results reflect quite clearly the effectiveness of one immunization procedure as 
compared with others in the same experiment, and even between experiments 
certain broad comparisons can be made. Of 83 control mice infected in the four 
experiments, 79 died, indicating tlie virulence of the virus and the severity of the 
test for immunity. 

Swine virus administered subcutaneously was definitely the least 
effective of any of the immunization procedures tried ; only 5 of 63 mice 
(8 per cent) thus treated survived the test dose of virus and these 5 
survivors were all in Experiment 4 in which an unusually virus-rich 
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vaccine had been employed. Ferret virus given subcutaneously also 
failed to induce an appreciable degree of immunity. 

Swine virus given intraperitoneally, on the other hand, produced a 
fair degree of immunity; 42 of 60 mice (70 per cent) thus treated sur- 
vived the test dose of virus. In Experiment 4, in which a swine lung 
vaccine ricli in virus had been used, 23 of 24 mice survived. Ferret 
virus was also a better immunizing agent when given intraperitoneally, 
20 of 30 mice (66 per cent) thus treated surviving the immunity test. 

Mouse virus administered two or three times proved the best im- 
munizing agent for mice and the intraperitoneal route held onl)'- a slight 
advantage over the subcutaneous route. 36 of 49 mice (73 per cent) 
that had received mouse virus subcutaneously and 41 of 50 mice (82 
per cent) that had received it intraperitoneally survived the test 
infection. Single injections of mouse virus given either subcu- 
taneously or intraperitoneally produced an immunity that was 
inferior to that following multiple injections. Only 17 of 43 mice 
(40 per cent) that had received a single subcutaneous dose of mouse 
virus and 12 of 25 mice (48 per cent) that had received a single intra- 
peritoneal injection survived the test dose of virus. The importance 
of dosage of virus administered in establishing immunity is indicated by 
the two groups of mice receiving multiple inoculations of 0.2 cc. 
amounts of 0.5 per cent instead of the usual 5 per cent mouse virus. 
Only 18 of 40 mice (45 per cent) receiving multiple injections of this 
dilute virus subcutaneously and 24 of 43 mice (56 per cent) receiving 
it intraperitoneally survived the test dose of virus. From this it 
would appear that multiple injections of 0.5 per cent mouse virus were 
only slightly, if at all, superior to single injections of 5 per cent mouse 
virus in immunizing mice. 

Laidlaw and Dunkin (11) suggested that the multiplicity of antigens 
contained in heterologous dog distemper vaccine interfered with the 
antibody response to formolized virus and thus accounted for its 
inability to immunize. It seemed possible that this explanation 
might also account for the failure of swine virus given subcutaneously 
to iimnunize mice to swine influenza virus. However, the addition of 
normal swine serum to mouse virus did not appreciably alter its 
capacity to immunize mice (Experiment 4 of Table III), suggesting 
that some more complex explanation was applicable here. 
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which swine influenza virus had been administered intramuscularly. It is be- 
lieved, although it cannot be proved from the data at hand, that virus spread from 
the intramuscular site of inoculation and invaded the respiratory tract of one or 
more of these animals. From here it was transmitted rapidly by contact among 
the 200 susceptible swine in the drove. Either the swine first infected, or some of 
those to which the virus was transmitted very early, must have been carriers of 
E. influenzae stiis for the disease developing in the drove was swine influenza 
(caused by the combined action of virus and E. influenzae suis (5)), and E. in- 
fluenzae suis was recovered from the pneumonic lung of one of the fatal cases. 20 
of the 23 vaccinated animals failed to develop influenza at the time the remainder 
of the herd became ill, probably because the 12 days elapsing between their inocu- 
lation and the outbreak of the disease had been suflBcient for the establishment of 
immunity. There is considerable likelihood, based on experience with droves in 
which inoculated animals were kept isolated for 2 weeks after vaccination, that 
had the 23 vaccinated animals in this herd been kept separate from the 200 non- 
inoculated swine, no illness would have appeared in either group of animals. 

The second drove, in which influenza appeared shortly following the intra- 
muscular administration of swine influenza virus, contained 195 swine. 4 days 
after 95 of these animals had been vaccinated, influenza appeared in the drove. 
So far as could be observed all animals became ill. The source of infection is 
believed similar to that in drove 1, although here the interval between injection 
and onset of illness was so short that infection from premises contaminated with 
virus at the time the animals were inoculated could not be eliminated. Insufficient 
time had elapsed for the development of immunity in the vaccinated animals 
although the owner was of the opinion that the first cases appeared in unvaccinated 
swine. As in the case of drove 1, this outbreak occurred in August, but a year 
later, and it could not be traced to an outside source of infection. 

The swine influenza in the two herds just discussed is believed to 
have been caused by the virus used to vaccinate. The examples cited 
are considered illustrative of the hazard entailed in the introduction of 
a “live” virus vaccine into only a portion of a densely crowded sus- 
ceptible population. To judge from the laboratory experiments with 
mice, ferrets, and swine and the field experiments with swine, the use 
of “live” swine influenza virus as a prophylactic agent may be less 
dangerous to the recipient of the virus than it is to other susceptible 
individuals with which the recipient may come in contact during 
the course of immunization. 

DISCUSSION 

The immunization experiments described indicate that ferrets and 
mice are similar in their reactions towards swine influenza virus ad- 
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single intramuscular injection of virus is sufficient to immunize effec- 
tively. In spite of the absence of good evidence to the contrary, there 
is little to indicate that swine influenza virus given intramuscularly to 
swine, regularly induces immunity by virtue of its invasion of the 
respiratory tract and its establishment there of a low grade and un- 
recognized infection. The two droves of swine mentioned, in which 
influenza appeared shortly after virus had been administered intra- 
muscularly, probably acquired their infections from virus used in the 
attempted immunization. They thus afford evidence that under 
certain conditions the virus may spread to the respiratory tract. 
However, they probably represent exceptional instances, because none 
of the swine investigated under laboratory conditions showed evidence 
of illness during immunization and over 1500 animals vaccinated in 
field experiments remained normal. It thus seems likely that swine, 
as well as ferrets and mice, can acquire an immunity to swine influenza 
virus following its administration by unusual routes, without the 
actual infection of tissues in which it causes disease manifestations. 

SUMMARY 

1. Swine influenza virus obtained from the lungs of infected ferrets 
or mice, when administered intramuscularly or subcutaneously, im- 
munizes swine to swine influenza. 

2. Ferrets, which have received subcutaneous injections of swine 
influenza virus obtained from the lungs of infected ferrets, are immune 
to intranasal infection with this virus. Similar injections with virus 
from the lungs of infected mice or swine do not immunize. 

3. Mice can be immunized to intranasal infection with swine in- 
fluenza virus by the subcutaneous injection of virus obtained from the 
lungs of infected mice, but not by similar injection with virus from the 
lungs of infected ferrets or swine. Repeated injections induce greater 
immunity than a single one. 

4. Intraperitoneal inoculation of both mice and ferrets with swine 
influenza virus immunizes them to intranasal infection and it appears 
to make little or no difference whether the virus used as vaccine is 
obtained from the lungs of infected mice, ferrets, or swine. 

5. Field experiments in which swine influenza followed the intra- 
muscular administration of virus are cited as examples of the hazard 
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involved in the n?c of (his means of immunization in a densely crowded 
susceptible population. 
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single intramuscular injection of virus is sufficient to immunize ei 
tively. In spite of the absence of good evidence to the contrary, tl 
is little to indicate that swine influenza virus given intramuscularl} 
swine, regularly induces immunity by virtue of its invasion of 
respiratory tract and its establishment there of a low grade and i 
recognized infection. The two droves of swine mentioned, in whi 
influenza appeared shortly after virus had been administered inti 
muscularly, probably acquired their infections from virus used in t 
attempted immunization. They thus afford evidence that und 
certain conditions the virus may spread to the respiratory trac 
However, they probably represent exceptional instances, because nor. 
of the swine investigated under laboratory conditions showed evident 
of illness during immunization and over 1500 animals vaccinated i; 
field experiments remained normal. It thus seems likely that swine 
as well as ferrets and mice, can acquire an immunity to swine influenzt 
virus following its administration by unusual routes, without the 
actual infection of tissues in which it causes disease manifestations. 

SUMMARY 

1. Swine influenza virus obtained from the lungs of infected ferrets 
or mice, when administered intramuscularly or subcutaneously, im- 
munizes swine to swine influenza. 

2. Ferrets, which have received subcutaneous injections of swine 
influenza virus obtained from the lungs of infected ferrets, are immune 
to intranasal infection with this virus. Similar injections with virus 
from the lungs of infected mice or swine do not immunize. 

3. Mice can be immunized to intranasal infection with swine in- 
fluenza virus by the subcutaneous injection of virus obtained from the 
lungs of infected mice, but not by similar injection with virus from the 
lungs of infected ferrets or swine. Repeated injections induce greater 
immunity than a single one. 

4. Intraperitoneal inoculation of both mice and ferrets with swine 
influenza virus immunizes them to intranasal infection and it appears 
to make little or no difference whether the virus used as vaccine is 
obtained from the lungs of infected mice, ferrets, or swine. 

5. Field experiments in which swine influenza followed the intra- 
muscular administration of virus are cited as examples of the hazard 
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SEROLOGICAL REACTIONS WITH A VIRUS CAUSING RAB- 
BIT PAPILLOMAS WTIICH BECOME CANCEROUS 

I. Tests of the Blood of Antsials Carrying the Pafilloma 
B v JOHN G. KIDD, M.D., J. W. BEARD, JI.D., and PEYTON ROUS, M.D . 
{From the Laboratories of The RochcJcUcr Institute for Medical Research) 

PUVTE 5 

(Rccc'n’cd for publication, April 29, 1936) 

The cutaneous papillomas induced in domestic rabbits with a virus 
procured from western cottontails (1) have the immediate attributes 
of tumors (2), and they frequently become cancerous (3). The prob- 
lem of the relation of the virus to the neoplastic activities is com- 
plicated by a singular difficulty. Though readily obtained from most 
of the naturally occurring papillomas of cottontails, it cannot ordi- 
narily be recovered from the far more vigorous growths induced with 
it in domestic rabbits. Recently indeed, Shope (4) has secured virus 
strains with which the disease can be , serially transmitted in such 
animals, and it should be possible to make direct tests for the presence 
of these in any cancers that may develop as result of their action. 
But the large material thus far studied by us, — comprising more than 
150 instances of malignant change in all, — has been provided by the 
inoculation of domestic rabbits with virus strains irrecoverable from 
either the papillomas or the cancers, by any of the various means 
thus far employed. For this reason recourse has been had to a sero- 
logical method to determine the presence of the virus. 

Shope noted that rabbits carrying the papiUoma proved more or 
less resistant on reinoculation, and that their sera exerted a neutralizing 
i^uence when mixed with the virus in vitro (1). We have titrated 
e antiviral power, investigated the conditions of its development, 
and sought for it in the blood of animals carrying tumors of various 
sorts. The findings will be recorded in two associated papers. 
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VIRUS CAUSING RABBIT PAPILLOMAS. I 


General Method 

A method whereby sera could be compared was worked out first. 

The virus acts only where brought in contact with injured epidermis, 
but it is capable of surviving for long periods outside of the body. 
When many neighboring areas of scarified skin are inoculated they 
must be protected for a few days, until healing has taken place, in 
order to exclude all risk of tlie transfer of virus material from one site 
to another. This can be readily accomplished by shaving onl}' the 
immediate areas utilized, placing on eacli after inoculation a sterile 
gauze square which fits neatly amidst tire fur, mooring these fir ml y in 
place with adhesive, and covering all with a large gauze dressing and 
a many-tailed bandage. In no instance amongst hundreds of tests 
carried out in this way, often involving more than a score of inocula- 
tions into each animal, has a papilloma developed under conditions 
suggesting that the virus had undergone accidental transfer. 

Each inoculation area was a square 3 to 4 cm. across, separated from its neigh- 
bors by a furry zone 1 cm. or more wide. It was soaped and shaved, rinsed well in 
running tap water, and allowed to dry for several hours at room temperature. 
On the ventral surface of an adult domestic rabbit there is room for two rows of 
five or six squares, to either side of the midline, and for an additional row of four or 
five squares immediately next them on each side (Fig. 1). The skin higher on the 
sides is somewhat thicker and more difficult to scarify, and its fur soon grows 
again. Hence it is less favorable, both to infection with tlie virus and to wsibilit)’' 
of the young papillomas. Differences in situation as possibly affecting the results 
were excluded by inoculating the test mixtures and tlieir controls at corresponding 
places on the right and left, and systematically varying the situations of the 
inocula from animal to animal. 

A strip of sterile sandpaper that could be shifted within a clamp on a handle 
was used for scarification, with fresh sandpaper for each square. Sterile, dry, 
Perfection glass test tubes were employed to rub the test mixtures in, each scarified 
area receiving 3 drops of one of these before the next area w-as abraded. As 
soon as all the squares had been inoculated a gentle blast of air warmed by an 
electric coil was directed upon them to dry them, and tlien they were dressed as 
already described. Each animal received all the inocula before tlie next was 
dealt with. 2 to 6 rabbits were employed for the tests of every e.\-periment. 

The dressings were removed when healing was complete, after 7 to 10 days. 
The papillomas usually began to appear witliin 2 to 3 weeks, and their number, 
character, and rate of development were recorded at intervals of 3 to S days 
until it was plain that no further, pertinent data could be obtained. Fig. 1 shows 
the range of lesions encountered, from solitary discrete growths to confluent 
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In Other experiments having the same object, areas about 12 by 4 cm. 
in diameter on the sides of susceptible rabbits were infiltrated with 
active virus extract, by intradermal injections about 2 cm. apart, 
all at the same level; and subsequently at intervals of 2 weeks the 
infiltrated skin was traumatized by tattooing to provide the injury 
necessary to render the virus effective. Again no growths were got 
save at the points, marked witli dye, where the injecting needle had 
originally been thrust in, and at points where tattooing was done on 
the day of injection. From all this it seems certain that virus experi- 
mentally introduced into the skin of domestic rabbits does not ordi- 
narily lie latent there. It certainly does so on occasion in the cotton- 
tail, its natural host. In an animal of this sort, tarred repeatedly 
on the ears, numerous characteristic, pigmented growths appeared 
at 2 out of 3 sites on the sides where virus had been inoculated 
many months previously with negative results. No tar was put on 
the sides at any time, nor was there any sign there of the diffuse 
hyperkeratosis consequent on tarring. 

Neutralization Tests with the Sera of Domestic Rabbits Bearing 

Papillomas 

General Technique . — Blood specimens were taken from an ear vein into tubes 
coated with paraflhn to prevent hemolysis, and the serum was taken off 24 to 48 
hours later and centrifuged to remove the cells. The clot had stood several hours 
at room temperature and for the rest of the time in the ice box. 

The virus materials utilized for the work reported in our previous papers 
regularly gave rise to growths that enlarged progressively, during the first weeks 
at least. To broaden the observations it was desirable to employ a material 
which caused papillomas that retrogressed not infrequently yet which was carcino- 
genic under favorable conditions. Fortunately one was available, the papillo- 
matous tissue of W.R. 6-32, which had been hashed fine and stored in 50 per cent 
glycerine. When a fluid of standard virus strength was desired, 4 cc. of this 
glycerinated tissue was thrown down in a graduated centrifuge tube by spinning 
at a fixed speed; the amount of sediment was read off; it was suspended in 8 parts 
of Tyrode solution; thrown down again, ground with sand, made to the required 
dilution by bulk, usually 6 per cent; and finally spun long at high speed. The 
central portion of the fluid column was drawn off through a needle, spun again, 
and its central portion aspirated in the same way. The departiculated test 
material thus obtained was invariably clear, and it had always the same power to 
produce papillomas, as shown by dilution tests. Such tests were carried out a few 

in weeks later, that is to say 2 weeks 
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VIRUS CAUSING RABBIT PAPILLOMAS. I 


when diluted to 10-^ witli Tyrode, but no growths whatever at 10"® on inoculation 
in standard quantity on a 4 cm. square. It was arbitrarily assumed that at lO"^ 
one infective virus unit was present in tlie inoculum, and a 6 per cent virus fluid 
was deemed to contain 600 units. If it was rendered inactive by serum the latter 
was adjudged to have a titer of 600 or more. The titer on incomplete neutralization 
was computed from the total number of plus marks recorded for any one inoculum 
in all the test rabbits receiving this, as compared with the total for the virus- 
Tyrode control. If, for example, the latter yielded an average of + + + for each 
of 3 test rabbits, that is to say 9 pluses in all, and the serum-virus mixture yielded 
+ for each animal, or 3 pluses in all, the neutralizing power of the serum was 
recorded as 6/9 of 600 units or approximately 400. This metliod of computation 
was artificial, but it yielded figures that served as a rough index to the differences 
actually observed. It was not applicable when the control mixtures gave rise to 
confluent growths, since all concentrations of virus bej^ond a certain minimum 
produced these. 

The confluent and semiconfluent papillomatous masses resulting from broad- 
cast inoculation of the abdomen appeared between the 14th and 19th day, and by 
the 33rd day they measured about 6 by 10 cm., and were 5 to 15 mm. high. By the 
42nd day they were 10 to 25 mm. high, becoming redundant, and on the day of the 
last serum test, they were 1 to 3 cm. in height, — enormous, folded, fissured masses 
with dry tops and fleshy bases. The general health of the animals remained 
excellent, however, like that of the companion group, save in the case of 3-26, 
which died of an intercurrent disease on the 37th day. 

The tattoo papillomas appeared late, between the 19th and 23rd day in both 
groups of animals, and at the 68th day they were barely 2 cm. across in the most 
favorable rabbit (D.R. 3-19). The total skin area involved in papillomatosis 
and the actual bulk of papillomatous tissue were from the beginning far greater 
in the group of rabbits with abdominal growths. 

Chart 1 depicts the results of this experiment. None of the sera 
obtained just prior to inoculation had antiviral power. 33 days later 
this power was pronounced in the case of the animals which had 
developed confluent papillomatous masses on the abdomen in addi- 
tion to the small tattoo growths, whereas it was still slight or lacking 
in the rabbits carrying the latter only. It is conceivable tliat the 
difierence may have been due in part to tlie very different amounts of 
virus introduced into the 2 groups by way of the scarified skin. But a 
primary immunization induced in this way cannot account for tlie 
progressive increase in the antiviral power as the papillomas enlarged. 
By the 68th day, or long before tliat, the sera of the group with broad 
abdominal masses were capable of neutralizing completely a 6 per cent 
virus extract, 600 or more units of virus, when mixed tlierewdth in 
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VIRUS CAUSING RABBIT PAPILLOMAS. I 


the confluent masses engendered by rubbing in virus broadcast. For 
all these reasons they seemed especially fitted to disclose whether the 
neutralizing power of the blood influences tlic course of events after 
the cells have become infected with the virus. 



Chart 2. Comparison of antiviral serum titer and papilloma course. 


Experiment 2 . — In this test the abdominal areas inoculated with virus were 
notabb' large, 10 by 12 cm. across. A 5 per cent e.xtract of virus 6-32 was used and 
both groups of animals received 3 tattoo inoculations in a line on each side, and 
3 intradermal inoculations of 0.05 cc. each of fluid immediately above, at a distance 
of about 4 cm. Serum specimens were procured on the day before the e.xperiment 
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animals all of which proved completely resistant on reinoculation). 
Shope has reported (1) the presence of partial resistance 6 days after 
the papillomas had first appeared and 14 days after the initial virus 
inoculation. He had rubbed virus into one entire side of the animals, 
after appropriate scarification. ^ In rabbits 3-59 and 3-61 of Chart 2 
tire papillomas were only a few millimeters across at most on the 27th 
day, yet tlie anti^dral power was already well established. 

The intradermal inoculations of Experiment II did not engender 

TABLE I 

Nciitralizalion Tests with the Serum of a Rabbit (D.R. 3-19) Bearing Large Tattoo 

Papillomas 

{6Sth Day after Inoculation) 


6 per cent virus 

Serum D.R. 3-19 

Ty rode. 


0.5 cc. 

0.5 cc. 


0.5 cc. 

0,5 cc. 

Test rabbit 
21 days 1 


++- 

++ 

++ 

2 

H — 1 — b 

+++ 

++H — 

+++ 

3 

+++- 

+++- 

H — 1 — h 

++- 

27 days 1 

-l-l— 

++ 

++ 


2 

H — 1 — h 

+++ 

+++- 

+++ 

3 


++++ 

++4-1- 

H — ! — ! — 1 — 

34 days 1 

H — 1 — 1 — 1 — 

+++ 

+++- 

-l — 1 — 1 — 1 — 

2 

++++ 

H — 1 — 1 — t- 

++++ 

++++ 

3 

^ — 1 — 1 — t" 

++++ 

++++ 

++++- 


The plus marks record the character of the papillomatosis produced by the 
mixtures (see text) as noted on the days given. 


growths regularly, nor did the tattooing for that matter; but they 
appeared in sufiicient number for our purposes. The differences in 
their number and course seem at first sight to parallel the antiviral 
differences, both the tattoo and intradermal papillomas being more 
numerous and becoming somewhat larger in the group with the weaker 
antiviral power; but when the individual instances are scrutinized, one 
sees clearly that the phenomena cannot be explained by the influence 
of this power. In rabbit 3-59 with a notably low serum titer the 
growths all retrogressed between the 39th and 53d days, whereas in 

^ Personal communication from Dr. Shope. 
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3-63 wtli a high titer they progressed, as also in 3-58, In 3-61 retro- 
gression took place, although the serum titer was less than in several 
other animals in which progressive enlargement occurred. Evidently 
some undetermined factors exercised a decisive influence in these 
cases. The possibilities are so various that extensive tests with a 
large variety of controls will be required to determine whether the 
antiviral power of the blood has any influence w-hatever upon the 
papillomatous proliferation, once this has started. Certainly the pres- 
ence of such power does not suffice to exclude the appearance and 
development of punctate growths at sites of intradermal inoculation 
(rabbits 3-49 and 3-63, Chart 2), much less to prevent a vigorous 
enlargement of growths already well established. There can be no 
doubt, on the other hand, that the success of reinoculations with 
virus is conditioned by the state of the blood. 4 animals of each 
experiment were reinoculated on the 64th and 68th days, and in one 
instance only in each case did papillomas result, — ^in an individual 
with serum devoid of neutralizing power (Chart 1, 3-19)- and in 
another in which it was slight (Chart 2, 3-64). Shope found 2 papil- 
lomatous animals susceptible to reinfection 76 days after primary 
inoculation. Large growths had resulted from the latter in one of 
these instances, yet the reinfection gave rise rapidly to growths that 
seemed equally vigorous. In the other rabbit but few papillomas 
appeared after reinoculation, and these late, on the broad area into 
which active virus had been rubbed.^ 

The partially neutralizing sera did not cause the papillomas to 
appear later than on ordinary dilution with Tyrode, nor to grow more 
slowly or be different. It was plain that the effect of the serum was 
to cut down the number of effective virus entities, not to alter their 
individual pathogenic capabilities. 

DISCUSSION 

The results of rubbing serial dilutions of the Shope virus into areas 
of scarified skin resemble in some significant respects those from the 

* The serum of rabbit 3-19 was tested again after the lapse of 426 days in all. 
At this time it bore 8 papillomatous masses, of which 6 had been largely replaced 
by cancers. Its serum now completely neutralized a 0.5 per cent extract of active 
virus, when mixed therewith in equal parts, and it almost neutrabzed a 1 per cent 
extract, its calculated antiviral titer being 90. 
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seeding of dilutions of bacteria upon agar plates. The discrete papil- 
lomas forming in the one case, like the colonies in the other, arc the 
outcome of cell proliferation from individual centers; and the number 
of effective virus entities can be appraised by the number of growths 
engendered, just as can the number of other bacteria by the colonies 
to whicli they give rise. The inability of tlie Shope virus to lie latent 
in the skin of domestic rabbits adds to the reliability of the results, 
growths appearing soon after inoculation or not at all. 

The rabbit sera tliat partially neutralized the virus might have been 
expected to cause a delay in the appearance of tlie papillomas or to 
alter their character; but notliing of tlie sort occurred. Instead there 
occurred merety a reduction in the number of effective virus entities, 
as expressed in the number of growths engendered. Some entities 
had been cancelled, but those which remained pathogenic caused 
growths differing no whit from papillomas due to diluted virus. In 
this connection the results of attempts to attenuate the virus of polio- 
myelitis may be recalled, these having brought about in general merely 
a reduction in the amount of active virus, not an essential change 
in its character (5). 

The blood of domestic rabbits in which virus-induced papillomas 
are developing nearly always acquires some power to neutralize the 
virus in vitro, whereas that of normal animals is devoid of effect. In 
only one normal rabbit amongst many has any neutralizing influence 
been encountered and then it was but slight (rabbit 1, Table IV of 
Paper II) . The absence of antiviral principles from the blood of normal 
domestic rabbits speaks against the possibility that tlie papillomatosis 
now endemic in western cottontails is consequent on an escape of the 
virus into this species from domestic rabbits in whicli it has become 
symbiotic by reason of long association; and the notably vigorous 
papillomatosis produced by the virus on inoculation into domestic 
breeds as well as the unfailing susceptibility of all normal individuals 
would seem to exclude this possibility finally. 

The tests with tlie sera of rabbits carrying tar papillomas and Brown- 
Pearce tumors reported in Paper II, demonstrate the specificity of 
the neutralizing power manifested by the blood of animals carrying 
papillomas induced by the Shope virus. The latter evidently acts 
as antigen, increasing in amount as the papilloma enlarges in domestic 
rabbits, although its presence cannot be demonstrated directly. 
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■ The blood of the domestic rabbits that we studied acquired antiviral 
power liNdthiii a few weeks after papillomatosis appeared, the amount 
of this power being in general roughly proportional to the skin area 
involved in the growth. There were some striking exceptions how- 
ever. The blood of some hosts with small, transient papillomas 
became antiviral at an early period (Chart 2, rabbits 3-59 and 3-61), 
while that of one individual developing relatively large growths proved 
wholly devoid of demonstrable influence (Chart 1, 3-19). It is diffi- 
cult to suppose that differences in the response of individual hosts to 
an antigen can account entirely for these phenomena. A possibility 
exists that the amount of antigen set free from the papilloma may 
vary with the local conditions. Some papillomas are fleshy, whereas 
others are dry almost to their base, their epithelium rapidly keratiniz- 
ing and eventually desquamating. The layer of proliferating, virus- 
infected cells is supported by very narrow connective tissue cores 
having vessels that often become blocked. In consequence of these 
conditions the opportunities for resorption from the mass may differ 
largely from individual to individual. The thought suggests itself 
that there may be viruses whose association with cells is so dose that 
they only very exceptionally come away into the host organism in 
sufficient quantity to elicit an antiviral response on its part. How- 
ever this may be, the fact remains that some virus-induced papillomas 
of considerable size call forth little or no humoral response on the part 
of the host, while other, very small ones cause the blood to become 
notably antiviral. Puzzling phenomena of similar sort have been 
often observed in the serological testing of chickens with tumors due 
■to viruses; and they may be due to like conditions. 

Reinoculation with the Shope virus was successful in the case of 
2 rabbits whose blood had slight or no antiviral power, but it failed in 
the case of 6 in which this power was more marked (Charts 1 and 2). 
In a recent experiment the sera of 5 domestic rabbits, in which virus- 
induced papillomas had retrogressed one year before, were tested for * 
antiviral power by the inoculation of scarified areas with virus’ of 
proven activity. Such power was present in aU these cases (and in 
that of rabbit 3-19 after 426 days, as already mentioned), but the titer 
was low. Nevertheless, reinoculation with active virus gave a negative 
result in 4 of the rabbits, while in the fifth, with very little antiviral 
power, it caused 2 tiny growths which soon retrogressed. 
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No evidence was obtained tliat the antiviral state of the blood had 
any effect upon the virus, once the latter had infected the epidermis, 
but on the contrary there was much to show that it was devoid of 
influence. Similar observations have been made in tlie case of a 
chicken sarcoma caused by a virus (Cliicken Tumor I), and an ability 
of the proliferating cells to protect this virus has been demonstrated 
experimentally (6). Such protection is known to occur in the case 
of other viruses as well (7), and tlie assumption seems reasonable that 
it is responsible for the continued growth of the rabbit papillomas in 
hosts with blood of strong antiviral power. 

In some of the inoculated animals the papillomas appeared slowly 
and soon retrogressed, whereas in other individuals with blood of much 
stronger neutralizing power for the virus they enlarged steadily (rab- 
bits 3-59 and 3-61 of Chart 2 as compared with rabbits 3-58 and 3-63), 
Primary differences in the suitability of the cells for the virus (8), 
differences in soil that is to say, will go far to explain such instances. 
Some rabbits are primarily more susceptible to the action of the virus 
than are others of the same breed; and the papillomatous growth is 
generally most vigorous in those individuals whose skins react most 
pronouncedly to the stimulation of Scharlach R. Observations to be 
recorded in a future paper by one of us support the view that the host 
sometimes reacts against the cells of established growths, with result 
that these retrogress, a happening which is frequent in the case of 
transplantable tumors. Such an occurrence would explain the slow 
appearance and uncertain course of the papillomas that appeared at 
the sites of tattoo and intradermal inoculation some time after papillo- 
matosis had become established over broad abdominal areas (Chart 2). 

SUMMARY 

A method has been devised for serological tests with a virus produc- 
ing rabbit papillomas that become carcinomatous. The discrete char- 
acter of the growths caused by the virus when suitably diluted fits 
it notably for quantitative experimentation. It shows no tendency 
to lie latent in domestic rabbits though it does so on occasion in 
cottontails, the natural hosts. Sera which partially neutralize it do 
not alter its character, or attenuate it, but merely cut down the 
number of its effective entities. 
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The serum of normal domestic rabbits is ordinarily devoid of neu- 
tralizing influence on the virus, but that of animals carrying the 
papillomas usually exhibits neutralizing power soon after these appear. 
The rate at which this power increases depends in general upon the 
amount of papillomatous tissue developing, but exceptions to the rule 
occur, the presence of fairly large growths being compatible with a lack 
of such powers in demonstrable amount. Even when the antiviral 
power is great it has no evident influence on the course of established 
papillomas, other factors determining whether these enlarge or retro- 
gress. It acts to prevent successful reinoculation of the animal, 
however. 

BIBLIOGRAPHY 

1. Shope, R. E., /. Exp, Med,, 1933, 68, 607. 

2. Rous, Peyton, and Beard, J. W., 7, Exp, Med,, 1934, 60, 701, 723, 741. 

3. Rous, Peyton, and Beard, J. W., J, Exp, Med,, 1935, 62, 523. 

4. Shope, R, E., Proc. Soc, Exp, Biol, and Med,, 1935, 32, 830. 

5. Flexner, S., Science, 1935, 82, 420. 

6. Rous, Peyton, /. Exp. Med., 1913, 18, 416. Fischer, A., Z, Krebsforsch., 

1927, 24, 580. 

7. Rous, Peyton, McMaster, P. D., and Hudack, S. S., J, Exp. Med,, 1935, 

61, 657. 

8. Kidd, J. G., Beard, J. W., and Rous, Peyton, Proc. Soc. Exp. Biol, and Med., 

1935, 33, 193. 


EXPLANATION OF PLATE 5 

Fig. 1. Results of rubbing mixtures of virus and sera from rabbits carrying 
papillomas into scarified areas of, skin. On one of the squares no growths have 
appeared 5 on several there are discrete papillomas in large or small number j and 
on yet others the growths are semiconfiuent or confluent. The confluent proli- 
feration was due to a control mixture with Tyrode. 
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In the preceding paper a method, has been outlined for titration of 
the antiviral power acquired by the blood of rabbits carrying papil- 
lomas induced with the Shope virus. Tests of the blood of animals 
canydng other epithelial growths will be reported in the present com- 
munication. 

The Sera of Rabbits with Cancers Originating in the Virus-Induced 

Papillomas 

Carcinomas develop from many of the papillomas induced with 
the virus in domestic rabbits (1). It was manifestly useless to test 
the blood of the first hosts of the cancers since they had all carried 
the preliminary papillomas* for many weeks, and any neutralizing 
power encountered could be referred to the influence of these growths. 
The primary cancers themselves yielded an undesirable transplanta- 
tion material, since papiUoma cells might have persisted amidst the 
carcinomatous elements, to be introduced with the latter into new 
hosts. For this reason metastases were employed as transplantation 
material whenever they were available, though in certain instances 
autoplastic growths in the leg muscles were utilized. Six attempts at 
transplantation have been made thus far, all with squamous cell 
carcinomas. The rabbits employed were of Dutch belted stock but 
not of wholly pure breed. Detailed histories of the cancers furnishing 
the materials have been given in a previous paper (1) . 
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infected with pyogenic bacteria, abscesses developing where they 
were put. 

Rabbit 5-79 developed discrete, smooth surfaced, football-shaped tumors at 
the sites of implantation (Fig. 1), which were nearly 5 cm. long when cut into after 
160 days. Each contained a single large c>^st filled with glair>^ yellowish fluid, tur- 
bid \rith cell debris. The lining of the cysts was ragged and pink, and their walls 
nearly 2 cm. thick, tough and dose textured, with occasional small yellow dots near 
the cyst cavity. Slices were taken and the gaps in the cysts’ wall were not closed, 
though the skin was carefully sutured over them. Next day the animal was bled 
for serum test (Experiment 1). Sections showed the cysts to be lined with the 
tissue of a rapidly necrosing, anaplastic squamous cell carcinoma, wholly devoid 
of papillomatous features (Fig. 2), as was the material of original implantation 
(Fig. 3). The walls consisted in the main of reactive connective tissue into which 
the carcinoma had extended but a little way, and there it was keratinizing and dy- 
ing or dead amidst a scattering of lymphoc 3 ^tes. 

The gaps left in the cysts healed without extension of the cancers through them, 
and they enlarged further, with the animal in excellent condition (Fig. 1). After 
50 days more (210th day) they measured 6x4x4 cm., and 5 x 3 J x cm. re- 
spectively. Again they were cut into and the same state of affairs was found as 
before, both in the gross and microscopically. The animal was bled for another 
serum test (Experiment S) . 3 days later it succumbed to bacterial infection. The 
carcinoma proved to be heavily encapsulated everywhere, and there were no 
metastases. 

D. R. 5-84 developed an irregularly rounded nodule in the right fore leg, which 
reached a diameter of 1.5 cm. within a month after the implantation, remaining 
stationary for many later weeks. It was perhaps slightly smaller when the animal 
was bled for serum test on the 161st day, and thereafter it slowly disappeared. 

The nature of the nodule present for a time in rabbit 5-84 was never 
ascertained. The progressively enlarging tumors of 5-79 were of 
singular character, each consisting of a thin layer of densely encap- 
sulated, carcinomatous tissue, walling a cyst fiUed with glairy fluid. 
The original cancer had formed no such cysts and we have seldom 
encountered similar ones in association with the malignant growths 
deriving from the papillomas. The great resistance offered by the 
new host may have had something to do with their development. 
The living, cancerous lining of the cyst was only 1 to 2. mm. thick 
and such of the malignant cells as penetrated into the dense en- 
capsulating connective tissue died after but slight proliferation. 

Experimenl 1 {Table 7). — ^Neutralization tests were carried out in the usual way 
with serum specimens procured from 5-79 and 5-84, on the 160th day after im- 
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The general method was to hash the cancerous tissue, suspend it in a relatively 
large amount of Tyrode solution, and inject 1 cc. into the upper muscles of each 
leg. The injection needle was introduced through a slit in the skin, with its lips 
held wide to exclude all possibility that some epidermal cells might be pushed deep 
and infected incidentally with virus present in the tumor suspension. On with- 
drawing the needle some of the inoculum always came in contact with tlie slit 
skin, but papillomas never resulted. 

1. A suspension of the tissue of a metastasis in an axillarj' gland from a cancer 
of rabbit 2-38 was implanted in 3 adult rabbits. None developed growths. 

2. The tissue of a leg nodule of 2-39, consequent upon autoimplantatipn, was 
injected into the legs of 3 rabbits. None developed growths. 

3. The basal portion of a cancer of 2-39 was mixed with material from several 
large nodules resulting from previous implantation of the same cancer into the leg 
muscles. The tumor suspension was injected into tlie legs of 9 rabbits and into 
the testicles of 3 of these. A nodule developed in a leg of one animal (4-70), and 
biopsy after 79 days disclosed tliere a squamous cell carcinoma like the original 
growth (1). Portions were implanted in the legs of 6 adult and 9 unweaned 
young rabbits, of which latter only 2 survived 3 months. At the end of tliis 
time none of the remaining animals had tumors and the growth in D. R. 4-70 had 
disappeared. 

4. An axillary metastasis from a cancer of 2-53 was utilized, and implantation 
done into the fore legs of 6 unweaned rabbits, 5 recently weaned, and 6 adults. The 
8 young that survived for 126 days were all negative then and were discarded. Of 
the 5 surviving adults one (5-79) had large growths in both fore legs and another 
(5-84) a nodule 1 cm. in diameter in one of them which disappeared later. Biopsy 
of the growths of 5-79 on the 160th day showed tliem both to be squamous cell 
carcinomas. Tests were made of the neutralizing power of the sera of these ani- 
mals {vide Experiments 1 and 5). After 210 days, 5-79 was again operated upon 
and material procured for implantation in IS half grown animals. To the present 
(3 months) no tumors have appeared. 

5. 10 adult rabbits were implanted in the fore legs with a suspension of an 
axillary metastasis of a squamous cell cancer of 2-38, and in tlie hind legs witli the 
tissue from an autoimplant of the same cancer in an upper leg. All were negative 
when discarded 3-^ months later. 

6. Tissue from anotlier axillary metastasis of 2-53 was implanted in tlie legs of 
15 rabbits 3 months old and 6 adults. One developed a small nodule, which was 
incised to hasten its growth, but it retrogressed instead. On incision it had 
appeared cancerous in the gross. 

In only 4 of the 96 rabbits did nodules result from implantation, and 
in 3 of these retrogression soon ensued. The animals furnishing the 
cancer materials were not of the same genetic constitution as tliose 
implanted; while furthermore some of the tissues employed were 



81 


JOHN G. KIDD, J. W, BEARD, AND PEVTON ROUS 

infected \Yith pyogenic bacteria, abscesses developing where they 
were put. 

Rabbit 5-79 developed discrete, smooth surfaced, football-shaped tumors at 
the sites of implantation (Fig. 1), which were nearly 5 cm. long when cut into after 
160 days. Each contained a single large cj'st filled with glairy', yelloOTsh fluid, tur- 
bid with cell debris. The lining of the cysts was ragged and pink, and their walls 
nearly 2 cm. thick, tough and close te.\tured, with occasional small yellow dots near 
the cyst cavity. Slices were taken and the gaps in the cysts’ w'all w'ere not closed, 
though the skin was carefully sutured over them. Next day the animal was bled 
for serum test (E.\-periment 1). Sections showed the cysts to be lined with the 
tissue of a rapidly necrosing, anaplastic squamous cell carcinoma, wholly devoid 
of papillomatous features (Fig. 2), as was the material of original implantation 
(Fig. 3). The walls consisted in the main of reactive connective tissue into which 
the carcinoma had extended but a little way, and there it w’as keratinizing and dy- 
ing or dead amidst a scattering of lymphocy'tes. 

The gaps left in the cysts healed without extension of the cancers through them, 
and they enlarged further, wath the animal in excellent condition (Fig. 1). After 
50 days more (210th day) they measured 6x4x4 cm., and 5 x 3^ x 3J^ cm. re- 
spectively. Again they were cut into and the same state of affairs was found as 
before, both in the gross and microscopically. The animal was bled for another 
serum test (Experiment 5). 3 days later it succumbed to bacterial infection. The 
carcinoma proved to be heavily encapsulated everywhere, and there were no 
metastases. 

D. R. 5-84 developed an irregularly rounded nodule in the right fore leg, which 
reached a diameter of 1.5 cm. within a month after the implantation, remaining 
stationary for many later weeks. It w'as perhaps slightly smaller when the animal 
was bled for serum test on the 161st day, and thereafter it slowly disappeared. 

The nature of the nodule present for a time in rabbit 5-84 was never 
ascertained. The progressively enlarging tumors of S-79 were of 
singular character, each consisting of a thin laj'er of densely encap- 
sulated, carcinomatous tissue, walling a cyst fiUed with glairy fluid. 
The original cancer had formed no such cysts and we have seldom 
encountered similar ones in association with the malignant growths 
deriving from the papillomas. The great resistance offered by the 
new host may have had something to do with their development. 
The living, cancerous lining of the cyst was only 1 to 2. mm. thick 
and such of the malignant cells as penetrated into the dense en- 
capsulating connective tissue died after but slight proliferation. 

Experiment 1 {Table /).— Neutralization tests were carried out in the usual way 
with serum specimens procured from 5-79 and 5-84, on the 160th day after im- 
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Neutralization Tests with the Serum of Rabbits Carrying Transplanted Cancers Derived front Virus-Induced Papillomas 
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plantation. For comparison specimens -were utilized from 2 other animals which 
had been unsuccessfully implanted wth the same material, and from 2 normal 
rabbits of the same breed and approximate age. All had been kept under identical 
conditions during the period since transplantation. Mixtures were made of equal 
parts of the sera with 3 dilutions of a virus fluid prepared by passing a 10 per cent 
extract of xdrus material W. R. 1240 through a Berkefeld filter V, and then diluting 
it to 5, 1, and 0.1 per cent with Tyrode. After 2 hours incubation the materials 
were rubbed into squares on the skin of 4 normal rabbits. Table I records the 
consequences. As usual growths appeared first where the most concentrated 
•rirus fluid had been inoculated (2). The first notations made when the papil- 
lomas were barely or dubiously xnsible, have been omitted from the table. Dilu- 
tion of the virus fluid to 0.1 per cent brought it close to the working limit of use, 
beyond which the influence of chance factors as e.g. local variations in skin char- 
acter, in the depth of scarification, and in reactive inflammation, renders the out- 
come in terms of papillomatosis unreliable for comparative purposes. 

It will be seen from Table I that the serum of the rabbit with large 
carcinomas had a pronounced neutralizing effect on the virus, while 
that of the animal with a single small nodule exhibited a slighter yet 
definite antiviral action. None of the control sera influenced the virus. 
The results of a second test with the serum of 5-79 procured 50 days 
later, are given in connection with Experiment 5, to be described 
further on. 

The fi n di n gs appeared to indicate that the Shope virus was present 
in the animals that developed growths as result of transplantation of 
the cancer. But there were at least two other possibilities, namely 
that the neutralizing power exhibited by the sera lay within the range 
of the normal, or that it was nonspecific, being called forth by the 
proliferating epithelium as such. Amongst more than 50 normal rab- 
bits tested at various times only one has yielded a serum with any 
neutralizing power for the Shope virus; but the effectiveness of this 
serum (Table V, C 1) fell little if at all short of that from 5-84, the 
rabbit that had developed a small nodule of problematic character. 
No normal specimen with a neutralizing power approaching that of the 
rabbit wdth large transplantation cancers has been encountered; and 
as will be seen this power still existed at the time of second test 
(Table VI). 

Tests with the Serum of Rabbits Carrying Tar Papillomas 

The papillomas which develop on the tarred skin of rabbits are very 
like those produced by the Shope virus (3). Tests of the serum of 



Neutralization Tests with the Serum of Rabbits Carrying Tar Papillonas 



<=>^ 




° ++ 

* 4- 
+ ^4- 

i+ 

ii 

^4- 


'9 

NO 




o|c. 

+1+ 

X++ 


»o 

to 

NO 

'rt 

E 

to 



o o o 

-1-4-4“ 

4-4-4- 

4 - -}- 4 - 



b 





1 1 


to 

NO 

CJ , 

> 




+ + ^ 


tn 

o 

NO 

NO 

o 

C 

o 



1 

4- O + 
+ 

1 

4- 4- -h 
4- 

+ + + 
I++ 

o H 

tf 2 

tn 

o> 

T 

NO 

ij 

*0 



1 1 
+ O + 
+ + 

4-4-4- 

4-4-4- 

4 - 4 - 4 - 

w « J 







~\ 

::o 

»o 

T 

NO 




O + + 

4 - 4 - 4 - 

4- 

4- + + 
4 - 4 . 4 . 
4- 








1 


eo 

T 

NO 

V 

b5 




++ + 
i++ 

' 1 + 
++t 
+ + t 

+++ 



kI 





. 1 


r- 

NO 





I 

4 . 4 - 4 - 
+ 4 - 4 - 

4 - 

i + + 
±+ + 


•^h 




o o o 

1 1 r, 

+ + “ 

-{-1® 






, 1 

, 1 



^-g 

o >; 

+H 




i + + 

i + + 



to 

NO 



z+^ 

•i-ji 
+ ^ + 

++- 

++- 

++++ 



NO 





to 

to 

NO 

'rt 

E 

tfi 

Sv 


^+x 

+ + + 
+ + + 

1 1 
4-4-4- 
4-4-4- 




C 

u 




4- 4- 



'*r 

to 

NO 

> 


' ' 1 
+++ 

1 

+ + 4- 
+ 4-^ 
4- 

' ' 1 
+ + i 

4-4-t 

4-4-^ 


S 

'n, B 

o 

NO 

i o 

O 

:! 


I++ 

1 1 
4-4-4- 
4-4- 



® H 

a " 

CN 

1 


1 ' 4- 
+++ 

1 

4-4-4- 

1 

4-4-4- 



NO 

0) 

1 t.H 


4-4-4- 

4- 

4-4--I- 

4- 







nJ 

1 1 i 



to 

T 

j 


I++ 

4-4-4- 



VO 



4-4-4- 



OO 

'T 

NO 

j 

o 


1 li 

1 + + 

+ + + 

1 +i 

+ + T 
+ + + 




pj 

1 ^ 


1 1 
<v- 4“ 

+ + 

|4-l 

1 

+ + + 
+++ 

+ 



* 

00 

to 



O O -f" 

1 

-h 4- -h 

1 

-f 4 - -f- 



L 




4- 

4- 




^ • 

%n 

»-i CS to 

— t CS to 

»-< C4 ro 

•-« to 


s 

IS 

! '^52 




1 


4 



J:; 

tvi ^ 

rvj "O 

^ *ta 


84 


Carrying very large papillomas for more than 3 months. 















JOHN G. KIDD, J. W. BEAKD, AND PEYTON ROUS 


85 


animals with tar tumors seemed desirable, both as bearing on the 
general problem of tumor etiology and as covering the possibility that 
the neutralizing power of the serum of rabbit 5-79, with large trans- 
plantation cancers, represented a non-specific response to epithelial 
proliferation as such. 

Experiment 2, TaUc 11 . — 9 gray-brown domestic rabbits that had long been 
tarred* were selected from a large group as providing a pronounced contrast in its 
effects. All had been kept in a separate room, rigidly isolated from contact with 
the Shope virus. The ears of the rabbit with the largest papillomas (4-58) had 
been tarred 3 times a week for 12 months, and growths had been present on them 
for more than 3 months. The remaining 8 rabbits had been tarred thrice a week 
for 5i months. 3 of these carried multiple large papillomas (majdmum diameter 
about 2 cm.) of several weeks duration. A fourth had multiple, smaller papillomas 
up to 1 cm. across. The remaining 4 animals served as controls, no papil- 
lomas having appeared on their ears or only minute ones very recently. Serum 
specimens from all were mixed in equal part with Berkefeld-filtered 1 and 0.2 
per cent extracts, respectively, of virus material W. R. 1240. After incubation for 
2 hours the materials were inoculated into 3 brown-gray test rabbits. Table II 
records the results. 

None of the sera from the tarred rabbits possessed any neutralizing 
power whatever save that from 4-58, which had been tarred for many 
more months than the others, and had larger papillomas of much 
longer duration. The effect of its serum was slightly more pronounced 
than that of the generality of specimens from normal animals. 

The tarring was continued, the papillomas grew more numerous and 
larger, and other animals of the group developed them, some of which 
were included in a second test. In several of the instances with 
“large” papiUomas the crowded, pedunculated growths filled the hol- 
low of the ears, but in none had cancer manifested itself. 

Experiment 3 {Tables III and 77).— The sera were procured 9 weeks after those 
of the first test. All of the animals had tar papillomas now, though in some they 
were few, minute, and of but a few weeks duration. These are termed “small” 
in the tables. Sera from 6 normal brown-gray rabbits were taken as controls. 
Two mixtures were made, with 1 per cent and 0.2 per cent filtered extracts of 
virus W. R. 1240 respectively. The number of the test mixtures was so great 
as to preclude the inoculation of all into the same rabbits and hence 3 groups of 3 

Horizontal retort tar of the Oster-Gasfabrik of Amsterdam was employed 
throughout. It was generously given us by Dr. Karl Landsteiner. 
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test animals each were employed, one receiving only mixtures with 0.2 per cent 
virus (Table III) while the other mixtures were apportioned as sho\vn in Table IV. 
The group first mentioned were of Dutch belted stock, and papillomas appeared 
slightly later in them than in the others, which were of brown-gray breed. ^ 

Three of the tarred rabbits had pronounced ascites due to liver cirrhosis conse- 
quent on the tarring. With these exceptions they all appeared to be in good 
health. 

The tests yielded no evidence of serum changes referable to the 
presence of the tar papillomas. Indeed the specimens from some of 
the animals carrying them appeared more favorable to the vims than 
those from some of the controls, though the differences were well 
within the normal range. Rabbit 4-58, with papillomas now filling 
both ears, yielded a serum that had none of the neutralizing power 
evident on previous test. The findings as a whole demonstrate that 
epidermal proliferation, as such, does not cause the serum to become 
neutralizing for the Shope virus. 

Tests with the Sera of Rabbits Carrying the Brown-Pearce Tumor 

In further elucidation of the findings semm specimens were studied 
from rabbits in which the Brown-Pearce tumor was growing or had 
retrogressed. This transplantable tumor is a swiftly growing car- 
cinoma derived from an epidermal element, presumably of a hair 
follicle (4). In a previous paper the fact has been reported that ani- 
mals in which large Brown-Pearce tumors had recently retrogressed 
developed papillomatosis on broadcast inoculation of the Shope vims 
at the same time and to the same extent as did normal controls (5). 
Nevertheless semm tests seem desirable since inoculation with the 
Shope vims is sometimes successful in rabbits carrying the papilloma, 
even when their blood possesses some antiviral power. 

Experiment 4,—S normal gray-brown domestic rabbits, from the same source 
and of approximately the same size, were inoculated with a heavy suspension of 
freshly prepared Brown-Pearce tumor in Tyrode. 4 others were kept as controls. 
The tumor was broken up with sand, pressed through a sterile wire mesh, and sus- 
pended in 0.9 per cent NaCl. 4 in tra dermal injections of 0.2 cc. each were made 
into the loose skin of the back of the neck of each rabbit, as well as intramuscular 
injections of 0.3 cc. each into the flexor and extensor muscles of both thighs. Both 
the inoculated animals and the normal ones were kept isolated and in individual 
cages. The size and character of the tumors were recorded twice weekly. It was 
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tliouglit that implantations in the unfavorable skin sites might be followed by early 
retrogression which in turn would lead to retrogression of tlic leg growtlis. Whether 
for tliis reason or another, that was tlie actual course of events in several cases. 

Serum specimens were taken from 5 of the implanted rabbits after SO days. 
One of these (N 15) had large tutnors at all sites, which continued to grow, causing 
death on the 63rd day. 2 other animals (N 20 and 22) had tumors which had 
grown well for the first 4 to 5 weeks, attaining a diameter of 2 cm. to 5 cm. in the 
legs, but then had dwindled and were much smaller at tlie time of test. In 2 other 
individuals (N 16 and 18) the tumors reached a fair size in the first 3 to 4 weeks 
(2 cm. to 4 cm. in the legs) and tlien rapidly retrogressed, disappearing completely 
about a week before tire test. This was carried out in the usual way. The serum 
specimens, together witli those of the 4 control rabbits, were mixed in equal parts 
with 1 and 0.2 per cent filtered extracts of virus W. R. 1240. After incubation for 
2 hours, inoculation was done into 3 rabbits in the usual way. The findings are 
summarized in Table V. 

The course taken by the Brown-Pearce tumors is expressed symbolically: 

A . \ / . 

/P\ = growing tumors, death later; R = good sized, retrogressing tumors; R = 

\/ 

fair sized retrogressing tumors; N = negative now, after the retrogression of 
fair sized tumors. 

From Table V it will be seen that of the 9 sera tested, namely those 
of 5 hosts of the Brown-Pearce tumor and 4 normal controls, only one 
had any power to neutralize the virus and this derived from a control. 
The power was but slight, only transiently evident where the mixtures 
with 1 per cent virus had been inoculated, but it sufficed for the com- 
plete neutralization of 1/5 per cent virus. 

In a further experiment (Table VI) the serum of other animals 
carrying the Brown-Pearce tumor proved devoid of antiviral power. 

Tests with the Serum of Rabbits Carrying Brown-Pearce Ttmors 
Deriving from Cells Mixed with Shape Virus 

It will be recalled that the serum of the rabbit with large carcinomas, 
consequent on transplantation of a cancer arising from a virus-induced 
papilloma, had a distinct neutralizing effect upon the virus. The 
serum of another rabbit of the same transplantation series with but a 
single small nodule had a slight antiviral influence. These findings 
appeared to indicate the presence of the Shope virus in the cancers. 

Levaditi (6) and Rivers and Pearce (7) have demonstrated that 
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remaining 2 hosts (N 56 and 58) they had attained a diameter of 2 to 4 cm. at an 
early period but then had rapidly dwindled, disappearing a few days before the 
sera were procured. The size of the tumors produced bj'^ the 2 inocula did not 
differ noticeably, and no papillomas appeared where the skin had been slit for 
inoculation. 

Rabbits 5-79 and 5-83, to which a cancer deriving from a papilloma had been 
transplanted, were also bled for serum. The growths of 5-79 had enlarged since 
the serum test 50 days before (Table I, L), but no tumors had ever appeared in 
5-83. It had been amongst the controls of the previous test. 

Mixtures were made of each of the sera, and of those of 2 normal, brown-gray 
controls, with an equal part of 1 per cent and 1 /5 per cent filtered virus fluid re- 
spectively, and with a 1/5 per cent fluid made up from the 1 per cent material 
(strain 1240). After 2 hours incubation all were inoculated into the skin of 3 
normal brown-gray rabbits, one of which died of intercurrent causes a few days 
later. The growths appearing in the others were recorded as usual (Table VI). 

In this experiment the tumors resulting from the implantation of 
Brown-Pearce cell material mixed with Tyrode and with virus respec- 
tively were transplanted to a second set of hosts, and the sera of the 
latter were tested for antiviral power in due course. They proved 
wholly devoid of it. 

The initial activity* of the virus was sufficiently shown by the devel- 
opment of papillomas where the skin was injured during implantation 
of the mixture containing it together with Brown-Pearce tumor cells; 
and the growths deriving from this mixture were smaller than those 
produced by the implantation of cells unexposed to virus, although no 
histological differences were discernible. On further transplantation 
no papiUomas arose at the sites of skin injury,^ and the tumors did not 
differ from the controls in size or aspect. The findings corroborated 
those of Experiment 4, in which the serum of animals carrying the 
Brown-Pearce tumor, or in which it had recently retrogressed, was 
found to have no neutralizing effect for the papilloma virus, and they 
go further, proving that the virus does not persist sufficiently long in 
Brown-Pearce tumors to be carried over into new hosts together with 
the cells of these growths. The findings differed essentially from those 
in the case of the rabbit with large transplanted carcinomas derived 

• This failure of papillomas to develop cannot be considered significant, since 
virus of the strain emplo}'ed has never been recovered in active form from the 
papillomas engendered therewith in domestic rabbits. 
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from a virus-induced papilloma. The serum of this animal once again 
gave e\ddence that the Shope virus had heen transferred together 
with the tumor material. 


DISCUSSION 

The cancers deriving from the papillomas have proved difficult to 
transplant to other animals of impure breed,— in which respect they 
resemble the tar cancers, — and in only one case has tlie implanted 
material given rise to large, indubitable carcinomas. In this instance 
the possibility that papilloma cells had been carried over into the new 
host was excluded by the utilization of a metastasis for the transfer. 
The serum of this host proved neutralizing for the papilloma virus on 
two occasions separated by an interval of more than 7 weeks. Its 
titer was low, however, as measured by the standard described in 
Paper I; it neutralized not more than 20 virus units when mixed with 
virus suspension in equal amount, whereas the blood of some rabbits 
carrying papillomas rendered inactive 3000 units or more. But it 
may be recalled that the serum of D. R. 3-19 (Chart 1, Paper I) had 
no neutralizing power whatever, at a time when it supported much 
more papillomatous tissue than the cancer animal did of malignant 
tissue in the curious cystic carcinomas. The blood of a second rabbit 
of the same group as the latter, with a small nodule of problematic 
character, resulting from transplantation, exhibited some neutralizing 
power. 

Even in the case of the rabbit with large cancers the findings mean 
no more than that the Shope virus underwent transfer with the 
cancer, an expected finding, since wholly alien, necrotizing viruses 
often thrive in tumors into which they are experimentally introduced, 
and they can be transferred therewith. In view of this fact it is remark- 
able that the papilloma virus did not persist in Brown-Pearce tumors 
exposed to infection with it, for these growths are certainly of epithe- 
lial, and presumably of epidermal, nature. The virus, if active, could 
scarcely have been outgrown and left behind, for it attends the growth 
of the papilloma which proliferates with great rapidity. The remark- 
able specificity of the virus, which will not “take” on the gums and 
tongue of rabbits, though highly effective on the neighboring epider- 
mis, may explain its disappearance. 
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The findings with serum specimens procured from animals carrying 
tar papillomas or the Brown-Pearce tumor speak decisively against 
the possibility that these growths are caused by viruses antigenically 
related to the one causing papillomas. Yet tliis does not exclude a virus 
causation for them, since the sera of fowls with Chicken Tumor I and 
Fujinami sarcoma respectively, though possessed of neutralizing power 
for the virus causing the growth carried by the host, have no cross-neu- 
tralizing effect whatever (8). 


SUMMARY 

The serum of a rabbit with large cancers resulting from the trans- 
plantation of a squamous cell carcinoma that had arisen from a virus- 
induced papilloma, possessed the power to neutralize the virus, and 
so too in less degree did that of an animal of the same transplantation 
series in which a small nodule had developed. The sera of rabbits 
carrying tar papillomas or the Brown-Pearce carcinoma proved wholly 
devoid of effect on the virus. The implantation of Brown-Pearce 
tumor material mixed with virus did not lead to an enduring establish- 
ment of the latter in the resulting growths, nor to any immediate 
changes in their morphological character. 

The significance of the facts is discussed. 
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EXPLANATION OF PLATE 6 

Fig. 1. Cancers consequent on transplantation to the fore legs of D. R. 5-79: 
190th day. X^. 

Fig. 2. Inner portion of the wall of one of the cystic growths shown in Fig. 1. 
Methylene blue and eosin. X30. 

Fig. 3. Growing edge of the axillary metastasis utilized for transplantation 
to D. R. 5-79. Methylene blue and eosin. X30. 



















CHANGES IN THE BONE IvIARROW AND BLOOD CELLS OF 
DEITLLOPING RABBITS 


By F. R. SABIN, M.D., F. R. MILLER, M.D., K. C. SMITHBURN, M.D., 

R. M. THOMAS, M.D., and L. E. HUMMEL, M.D. 

{From {he Laboratories oj The Rochefclkr InslUutefor Medical Research) 

Plates 7 io 9 

(Received for publication, March 20, 1936) 

We have studied the cells of the blood and bone marrow of young 
rabbits, starting with late fetal stages and following the changes that 
take place at birth and during the first 6 months of life. By that 
time the rabbit is mature and the different strains of cells in the 
blood have reached the proportions characteristic of the adult. The 
changing pattern of the blood cells finds its explanation mainly in 
changes in the bone marrow. 

As is known, the tissues of the so called marrow cavity are not at 
once assodated with the formation of blood cells. Rather the first 
function of this organ is in relation to the development of the bone. 
In the rabbit the changes in the original cartilage begin in the center 
of the shaft of the long bones during the 17th and 18th days of gesta- 
tion (1). The primary vascular pattern is of large sinusoids which, 
beginning in the center of the shaft, soon extend to form loops be- 
tween the lines of the cartilage cells at each epiphyseal line. Between 
the sinusoids there is a delicate reticulum containing sparsely scattered 
coimective tissue cells embedded in a gelatinous matrix. There are 
no fat cells. Along the edges of the developing bone and the re- 
gressing cartilage there are osteoblasts or multinudeated osteoclasts, 
the latter formed, as Arey (2, 3) has shown, by the fusion of osteo- 
blasts. The study of bone marrow as an hematopoietic organ is con- 
cerned with the method by which this simple structure becomes 
changed to provide for the development of three different strains of 
cells, namely, red blood cells, granulocytes, and megalokaryocytes. 
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better standard. For the fetal marrow and for tliat during the first 2 weeks of life, 
the preparations of the marrow can be made either by sucking the marrow a 
short distance into a capillar>^ pipette and transferring to the slide, or by squeez- 
ing the entire marrow out of the bone after carefully removing muscle, tendon, 
and periosteum from its surface. In the early stages the marrow is so fluid that 
it spreads readily with tlie weight of the coverslip; in later stages, when fat has 
appeared, a tiny bit of tlic marrow, placed on a slide, can be spread by slow and 
gentle pressure on the coverslip. 

The counts of marrow cells cannot be as accurate as blood counts since there 
must be a choice of fields. Only zones in which the cells are in a single layer and 
slightly separated from each other can be counted; also they must be well stained. 
For these reasons it is not possible to count systematically across a film and back, 
as with films of blood. These factors make it advisable to count more cells than 
for blood and as a result of our studies we think tliat 5,000 cells should be the mini- 
mum for each animal. 

The cells of the marrow can also be counted from sections if they meet certain 
standards. The fixative, as Maximo w' (1) showed, should be Zenker-formol; the 
formol should be free from acid. The absence of acid prevents the solution of 
hemoglobin and of certain granulations. The sections must then be so thin, not 
more than 4^, that the cells are all in a single layer, and the staining, Giemsa pre- 
ferred, such as to give maximum discrimination. 

RESULTS 

Blood Cotmis 

The pattern of the blood cells of these young rabbits is shown on Chart 1,^ 
from data which are given in Table I. In making the chart, the intervals of time 
for the fetal period are spaced arbitrarily. Rabbits are bom sometime between 
the 28th and 32nd day after mating. As is shown on Chart 1, the number of red 
cells in the rabbit's blood is still low in the late fetal days, with a tendency to rise 
on the day of birth. In the 7 animals of a litter counted on the 28th fetal day, 
the range was wide, varying from 2,210,000 to 3,290,000 cells, and there v/as a 
variation in hemoglobin of 13 points. On the 29th fetal day, the range was less, 
namely, from 3,205,000 to 3,865,000 cells, with the hemoglobin varying 12 points. 
All but one in this group were from the same litter and this one had a count near 
the average, namely, 3,490,000 cells. The drop in red cells, shown on the 30th 
day of gestation, has probably little significance, since this was a single count 
taken from one of a litter. The rise on the day of birth was, however, significant, 
only one animal of the 22 counted falling below 3,000,000 cells. The range was 
from 2,760,000 to 5,210,000 cells and 16 of the rabbits had counts between 
3,400,000 and 4,400,000 red cells. 

^The figures represented on Charts 1, 2, and 3 are recorded as logarithms so that 
the relativity of each change is better expressed. 
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subject have been given by Pearce and Casey (8), For reference, n*c give Table 

It will be noticed on Chart 1 that there was a slight drop in red cells in the 4th 
week, which may indicate a slight reaction after the remarkable activity of the 
bone marrow toward red cells during tlic 2nd and the 3rd weeks. The estimation 
of hemoglobin was made b}' the colorimetric mctliod with tlic Newcomer standard. 
It is known that the colorimetric method has a wide range of error. To limit this 
error as much as the method permits, all of the readings in the first series were 
made by one person and the same w’as true of the second series introduced in tlie 
5th and 6th months. The line of the percentage of the hemoglobin on Chart 1 
is, notwithstanding, a remarkably straight line. In column 7 of Table I is given 
the color index which is shown graphicall}' on Chart 1 by the spread between the 
lines of the number of red cells and the percentage of hemoglobin. The propor^ 
tion of hemoglobin per red cell is high in fetal blood, as has recently been shown by 
Wintrobe and Shumacker (9) and by Kunde ct aL (10). Chart 1 show's that this 
condition persists for a time after birth and that the amount of hemoglobin per red 
cell only gradually approaches the standard of the adult rabbit, which is reached 
in the 3rd and 4th months of life. The rise in color index for the 5th and 6th 
months may well be due to a predominance of one breed of rabbit. 

The lower half of Chart 1 show's the total numbers of the white blood cell, 
together with the proportions of three of the strains, namely, the neutrophilic, 
that is, pseudoeosinophilic,^ leucoc}'tes, the l>Tnphoc>^es, and the monocA^tes. 
The differential counts are recorded in Table I in terms of total numbers rather 
than percentages. It will be noted that in contrast to the red cells, the white cells 
of the blood increase slowly and do not reach the numbers characteristic of the 
adult animal imtil the 5th and 6th months. For comparison, our data on the 
blood cells of the adult rabbit are given in Table TV. 

As showm on Chart 1 and Table I, the w'hite blood cells were low’ in the circula- 
tion during the late fetal stages, -the average being about 900 cells per c.mm. In 
the series of 16 counts, the range is from 700 to 1,425 cells; only one count was 
above 1,175 and 10 of the 16 counts were below 1,000 cells. As with the red cells, 
there was a sharp rise on the day of birth from the average of 900 to 2,525 cells. 
On the day of birth there was a wide variation in the limits of the counts, but only 
one was below 1,200 cells. This was a single count of 300 cells, balanced by 2 high 
counts of 5,000 and 7,000 cells. Most of the counts, however, fell between the 
limits of 1,200 and 2,700 cells, wdth 5 counts of 2,100. 

As seen on Chart 1, the rise of the white cells that took place at birth w’as 
almost wholly due to neutrophilic leucocj^tes. This tendency was, howrever, not 
sustained during the 1st month, and it was not until the 2nd month that there w’as 
initiated the progressive increase w^hich carried them to their full quota in the 5th 
and 6th months. 


^The term neutrophihe is used throughout for the pseudoeosinophilic granula- 
tions of rabbit’s blood. 
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The occurrence of certain accessory cells in the blood stream is indicated in 
Table 1. The most interesting points arc tlie presence of myelocytes in the circu- 


Vecks 12 3 4 Monlhs 2 3 4 



Chart 2. Three major strains of cells in the bone marrow of 49 young rabbits 
from data in Table II. 


Weeks 1 2 3 4 Months 2 3 4 5 

Ber fetal 

cent ■nav?>"ffl^l2 34567 14 21 



Chart 3. Relative proportion of mature to immature cells in both erythroid 
and myeloid strains of the bone marrow of 49 young rabbits from data in Table 11. 


lation in the fetal stages and on the day of birth. The blood of one of the animals, 
R 1292, counted on the day of birth, had a large number of megalokaryocytes, 8 
per cent or a total of 168 per c.mm. 
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The period of the 1st week of life 5s also significant in the preponderance of 
immature over mature cells in each of tlic two strains (13). Ihis 5s shown on 
Chart 3. The cr>^throid cells arc pictured in the lower half of the chart and it will 
be noted tliat, with the exception of the 3rd day, the immature cells were higher 
than the mature ones up to the 6th day of life. In the records for the 3rd day, the 
reverse was true for both of the animals counted, which were from the same litter. 
In the myeloid strain, on the other hand, the mature cells predominated earlier, 
namely, from the 3rd day on\vard. 

Data from Study of Sections of Bone Marrow 

The study of the sections of the bone marrow in these stages adds important 
facts to those w’hich can be obtained from the study of individual cells. In general, 
sections of bone marrow' provide material from w'hich to estimate the total amount 
of hematopoietic tissue. In late fetal life, the long bones are small and contain 
little marrow. The entire shaft contains spicules of bone wdth osteoclasts upon 
them. 

On the day of birth, the bone marrow' is relatively inactive (Fig. 1, from rabbit 
R 1627). The differential count in this animal w’as: erj’^throid cells, 65.8 per cent; 
myeloid, 18.5 per cent; primitive cells, 14.6 per cent, and accessory t)^es, 1.1 per 
cent. Spicules of bone were present and the right hand one show's an osteo- 
clast. By the 2nd day (Fig. 2) the spicules of bone had entirely disappeared, 
cleared away by osteoclasts. Such an osteoclast, shown in Fig. 3, gives significant 
evidence of its phagocytic function, being filled wdth particles which stained red 
in the eosin-methylene blue. On the 2nd day of life, the marrow' (Fig. 2) had the 
sinusoids w’idely dilated and filled with blood corpuscles. Betw’een the sinusoids 
the marrow cells w'ere sparse. In this rabbit the differential count w’as: erythroid 
cells, 22.6 per cent; myeloid cells, 44.8 per cent; primitive cells, 31.2 per cent, and 
clasmatocytes and unclassified cells together, 1.3 per cent. The upper part of 
Fig. 3 is from the same preparation as the osteoclast shown in the low’er part. 
This marrow also had about the same differential count as the one showm in Fig. 
2. These 2 animals illustrate the fact that if the bone marrow' is still relatively 
inactive, there may be a myeloid predominance. 

Quite different is the proportion of the marrow cells to be seen 3 days later. 
The beginning of activity in the marrow’ due to erythroid hyperplasia is illustrated 
in Figs. 4 and 5 from a rabbit, R 1784, studied on the 5th day of life. Fig. 4 is a 
section of the tibia of this animal and Fig. 5 is from a film of this marrow stained in 
Wright’s methylene blue-eosin. More than half of the marrow was hyperplastic, 
as is showm in the lower part of Fig. 4; the rest was like the marrow of the 2nd day, 
as is clear in the upper part of Fig. 4. The sinusoids were still filled with blood; 
there were no fat cells. The hyperplasia, which represents the fact that an 
enormous amount of cell division has taken place in 3 days’ time, w'as due to the 
erythroid cells. The differential count was 73.2 per cent erythroid cells; 10.1 per 
cent myeloid; and 16.7 per cent primitive cells. 
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In supravital and fixed films of these early marrows we have found a few cells 
of this primitive t>T)c containing a few specific neutrophilic granules. They arc 
clear in the sections of the marrow of rabbit R 2048. The primitive ccH, to wliicli 
the upper arrow of Fig. 8' points, contains a few neutrophilic granules, as is clear 
at higher magnification in Fig. 8. These small granuloc 3 lcs arc fewer than the 
typical myeloblasts and myelocytes A, but they arc important in connection with 
granulopoiesis, and ndll be considered in the discussion. "Ihc right hand arrow of 
Fig. 9 points to a myeloblast, which shows the increase in chromatin of the nucleus 
in this cell from the stage of the primitive cell. 

This material from the 4th week of life is also significant for the study of the 
place of origin of both mydoid and cr>'throid strains. The cxtravascular origin 
of the granulocytes is well established, so the position of primitive cells, m 3 "elo- 
blasts, and myelocytes outside the vessels, as showm in Figs. 8' and 9\ but illus- 
trates a well known point. 

Concerning the red cells, on the other hand, there arc marked differences of 
opinion. In Fig. 9' is shown what we interpret as an erythrogenic capillary con- 
taining normoblasts. It lies obliquely across the upper part of the figure; in the 
upper left hand comer of this section is a mass of late er^’throblasts or normoblasts, 
marked A , l 3 dng between two endothelial nuclei. Just to the right of them are two 
more endothelial nuclei, labeled B, the upper one of them being markedly swollen. 
Between these two nuclei is some material out of focus which is a clasmatocyte 
along the border of the vessel. Farther to the right, the endothelial wall of the 
vessel is still evident, with two leucocytes also out of focus, while beyond is an 
erythroblast, B\ at the beginning of a sinusoid, cut off in the photograph. The 
lower half of the section is occupied by myelocytes, mainly of Type B. One 
myeloblast in division is seen near the right hand border and near it is a primitive 
cell, marked C. 

Further evidence on the placing of the red cells in bone marrow is shown in 
Figs. 10 to 13. The upper figures are from the bone marrow of rabbit R 1460, of 
the 2nd month of life, and the two lower figures from rabbit R 1306 from the 3rd 
month. Figs. 10 and 12 at the left, taken at low magnification, show that the 
marrow is not yet as packed with cells as it becomes in adult life. This is also 
especially marked in the border of the marrow, as shov.m in Fig. 11. The border 
later becomes densely packed wdth myelocytes, but at this stage they are almost 
lacking and thus the placing of the red cells is unmasked. To the left is a mass of 
erythroblasts and normoblasts, and the edge of the capillary in which they are con- 
tained is marked A. Other masses of normoblasts are marked B, In Fig. 13, a 
large sinusoid marked A passes obliquely across the field. The endothelial nuclei 
are dear as well as the contained erythrocytes. In the upper part of the figure is a 
large mass of erythroid cells, marked B, normoblasts and erythroblasts at what we 
interpret as the opening of an erythrogenic capillary, while on the lower right 
comer is a mass of normoblasts separated from the lumen of the sinusoid. 
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week of life nny be ah increAsc in blood volume, for whicb a stAble 
number of red cells, or even a slight incrcASc, cAnnot compensate. 

The bone marrow, on tlic other hand, shows signs of a remarkable 
concentration of the factors which stimulate both the multiplication 
of red cells and the elaboration of hemoglobin. In late fetal stages 
the marrow is relatively quiescent and usually predominantly ery- 
throid. Inunature red cells arc in greater numbers than mature ones, 
so the marrow cannot give many cr^^throcytes to the circulation. The 
time of the initiation of erytliroid activity varies somewhat even in the 
same litter; it may start on the day of birth or be delayed until the 4th 
day, but is in full swing during the last half of the 1st week. This 
leads to a marked erythroid hyperplasia of the bone marrow during 
the 2nd week. The activity of the bone marrow from the 5th to the 
7th days of life is not adequate to deliver enough mature red cells to 
the circulation to raise their number on account of the time needed 
for maturation; but during the 2nd week the marrow succeeds in in- 
creasing the red cells in the blood by half a million per cubic millimeter. 

The appearance of hyperplasia in the bone marrow during the 2nd 
week of life means that for a short time the animal has to use much of 
the available space in the marrow cavity for the production of red 
cells. In the adult animal there are three mechanisms available to 
increase space for the formation of blood cells. The first is the shifting 
of fat from the bone marrow. The fat within the fat cells of the mar- 
row is in a labile state; reversing the method of its formation, the fat 
readily breaks up into small droplets, leaves the cells, and passes into 
the blood stream. The second method is a thinning of the bone to 
make the cavity larger. During the 2nd week of life it is the growth 
of the bone and consequent enlarging of the marrow cavity that is 
the major factor in the adjustment. This means that the control of 
the growth of bone in young animals has a bearing on erythropoiesis. 
The cause of this adjustment must be chemical and perhaps of the 
nature of an endocrine balance; but one factor in the method for in- 
creasing the size of the marrow cavity is tbe formation of osteoclasts 
along its edge. It may be that a marked crowding of the marrow may 
favor the fusion of the osteoblasts into the giant cells that erode the 
bone. The mechanism for bone regression as well as for bone growth 
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Our data on Ijnnpliocj'tcs and monocytes show that their numbers in- 
crease rapidly in tlie blood stream during tlie 1st of month of life. Thus 
neitlier strain shows any depression from the predominance of erj'tli- 
ropoiesis, such as is suffered by the white blood cells which develop 
in the marrow'. The monocytes, coming as they do from tlie primitive 
cells diffusely scattered in tlie connective tissues, arc not affected by 
the changes that take place in tlie marrow at birtli and are the first 
cells of the blood stream to reach tlicir full quota. This is accom- 
plished in the 1st w’cek of life so that they even precede the red blood 
cells in reaching maturity. Our studies of the blood cells indicate that 
the lymph nodes of the rabbit develop rapidly toward functional 
activity during the 1st month of life and then more slowly for the 
next 5 months. 


SUMMARY 

1. The full number of erythroid cells in the blood stream of the 
rabbit is reached by the 3rd week of life. 

2. During this period, there is a predominance of erythrogenesis in 
the bone marrow. 

3. During the 2nd week of life the bone marrow is in a state of 
hyperplasia owing to the needs of the body for blood and the small 
space available for the marrow. 

4. This hyperplasia is reduced as the growth of the bone permits 
the marrow to spread. The control of the growth of the bones has an 
important bearing on hematopoiesis. 

5. During the first 3 weeks of life, the chemical factors for the 
multiplication of red cells as well as for the elaboration of hemoglobin 
become available. 

6. The amount of hemoglobin does not increase as rapidly as the 
number of cells, so that the macrocytic anemia of the fetus becomes 
reduced. The proportion of hemoglobin per red cell characteristic of 
the adult rabbit is reached by the 3rd month. 

7. Further evidence on the intravascular origin of red blood cells 
is given. 

8. The development of all of the white blood cells, with the excep- 
tion of the monocyte, goes on at a slower rate than that of the red cells. 

9. The monocytes reach their full number in the blood stream in 
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SABIN, MILLER, SMITIIBURN, THOMAS, AND HUMMEL 


Our data on lymphocytes and monocytes show that their numbers in- 
crease rapidly in tlie blood stream during the 1 st of month of life. Thus 
neither strain shows any depression from the predominance of crytli- 
ropoiesis, such as is suffered by the white blood cells which develop 
in the marrow. The monocytes, coming as they do from the primitive 
cells diffusely scattered in tlie connective tissues, are not affected by 
the changes that take place in tlie marrow at birth and are the first 
cells of the blood stream to reach their full quota. This is accom- 
plished in the 1st week of life so that they even precede the red blood 
cells in reaching maturity. Our studies of the blood cells indicate that 
the lymph nodes of the rabbit develop rapidly toward functional 
activity during the 1st month of life and then more slowly for the 
next 5 months. 


SUMMARY 

1. The fuU number of erythroid cells in the blood stream of the 
rabbit is reached by the 3rd week of life. 

2. During this period, there is a predominance of erythrogenesis in 
the bone marrow. 

3. During the 2nd week of life the bone marrow is in a state of 
hyperplasia owing to the needs of the body for blood and the small 
space available for the marrow. 

4. This hyperplasia is reduced as the growth of the bone permits 
the marrow to spread. The control of the growth of the bones has an 
important bearing on hematopoiesis. 

5. During the first 3 weeks of life, the chemical factors for the 
multiplication of red cells as well as for the elaboration of hemoglobin 
become available. 

6. The amount of hemoglobin does not increase as rapidly as the 
number of cells, so that the macrocytic anemia of the fetus becomes 
reduced. The proportion of hemoglobin per red cell characteristic of 
the adult rabbit is reached by the 3rd month. 

7. Further evidence on the intravascular origin of red blood cells 
is given. 

8. The development of all of the white blood cells, with the excep- 
tion of the monocyte, goes on at a slower rate than that of the red cells. 

9. The monocytes reach their full number in the blood stream in 
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Our data on lympliocj'tcs and monocytes show tliat their numbers in- 
crease rapidly in the blood stream during the Istof month of life. Thus 
neitlier strain shows any depression from the predominance of erj^th- 
ropoiesis, such as is suffered by tlic white blood cells wliich develop 
in the marrow. The monocj'tes, coming as they do from tlic primitive 
cells diffusely scattered in tlie connective tissues, are not affected by 
the changes that take place in tlie marrow at birtli and are tlie first 
cells of the blood stream to reach tlieir full quota. This is accom- 
plished in the 1st week of life so tliat they even precede the red blood 
cells in reaching maturity. Our studies of the blood cells indicate that 
the lymph nodes of the rabbit develop rapidly toward functional 
activity during the 1st month of life and then more slowly for the 
next 5 months. 


SUMMARY 

1. The full number of erythroid cells in the blood stream of the 
rabbit is reached by the 3rd week of life. 

2. During this period, there is a predominance of erythrogenesis in 
the bone marrow. 

3. During the 2nd week of life the bone marrow is in a state of 
hyperplasia owing to the needs of the body for blood and the small 
space available for the marrow. 

4. This hyperplasia is reduced as the growth of the bone permits 
the marrow to spread. The control of the growth of the bones has an 
important bearing on hematopoiesis. 

5. During the first 3 weeks of life, the chemical factors for the 
multiplication of red cells as well as for the elaboration of hemoglobin 
become available. 

6. The amount of hemoglobin does not increase as rapidly as the 
number of cells, so that the macrocytic anemia of the fetus becomes 
reduced. The proportion of hemoglobin per red cell characteristic of 
the adult rabbit is reached by the 3rd month. 

7. Further evidence on the intravascular origin of red blood cells 
is given. 

8. The development of all of the white blood cells, with the excep- 
tion of the monocyte, goes on at a slower rate than that of the red cells. 

9. The monocytes reach their full number in the blood stream in 
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EXPLANATION OF PLATES 
Plate 7 

Fig. 1. Section of the bone marrow of the tibia of rabbit R 1627, day of birth, 
stained with Giemsa. It shows two spicules of bone and marrow cells betw’cen. 
The differential count of the marrow of this animal was crythroid cells, 65.8 per 
cent; myeloid cells, 18.5 per cent; primitive cells, 14.6 per cent; accessory types, 
1.1 per cent. The left arrow passes between some mature erythrocytes and 
points to a group of nucleated red cells. The right arrow points to an osteoclast. 
X 180. 

Fig. 2. Section of the bone marrow of the humerus of rabbit R 1780, 2nd day of 
life, stained with hematoxylin and eosin. The differential count of the marrow 
of this animal was erythroid cells, 22.6 per cent; myeloid cells, 44.8 per cent; 
primitive cells, 31.2 per cent; and dasmatocytes and undassified together, 1.3 
per cent. X 240. 

Fig. 3. Two parts of a fixed film of bone marrow of rabbit R 1779, litter mate of 
preceding animal, 2nd day of life, stained with Wright’s eosin-methylene blue. 
The lower half of the figure shows an osteoclast filled with granules which stained 
red and were probably phagocytized bone. On the lower part of the osteodast is a 
small cell out of focus. The upper part of the figure shows a marrow predomi- 
nantly myeloid. Six normoblasts are plain and the rest are myeloid cells. The 
differential count was erythroid cells, 19.3 per cent; myeloid cells, 67.7 per cent; 
primitive cells, 12.7 per cent; and accessory types, 0.2 per cent. X 750. 

Fig. 4. Section of the bone marrow of the tibia of rabbit R 1784, 5th day of life, 
stained with hematoxylin and eosin. The differential count was erythroid cells, 
73.2 per cent; myeloid cells, 10.1 per cent; primitive cells, 16.7 per cent. X 240, 
Fig. 5. Fixed film of bone marrow of the same rabbit as in Fig. 4, stained with 
Wright’s eosin-methylene blue. All but three of the cells are eiythroid. .4 is a 
dasmatocyte containing three normoblasts; B is a myelocyte B; C is a myeloblast. 
X 1,000. 

Plate 8 

Fig. 6. Section of the bone marrow of the femur of rabbit R 1466, 13th day or 
2nd week, stained with hematoxylin and eosin. It shows a hyperplastic state. 
The differential count of this animal was erythroid, 79.5 per cent; myeloid, 19.5 
per cent; primitive cells, 0.5 per cent; and accessory cells, 0.5 per cent. X 240. 

Fig. 7. Section of the bone marrow of rabbit R 1234, 3rd week of life, stained 
with hematoxylin and eosin. The differential count of the marrow of this animal 
was erythroid cells, 34.3 per cent; myeloid cells, 55,9 per cent; primitive cells, 9 
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THE CULTWATION OF TISSUES FOR PROLONGED 
PERIODS IN SINGLE FLASKS 

By RAYMOND C. PARKER, Pn.D. 

(From the Lahoratorics of The Rockefeller Inslilule for Medical Research) 

Plates 10 to 12 

(Received for publication, April 8, 1936) 

Three years ago, it was reported' that common connective tissue 
cells, or fibroblasts, could be kept alive in Carrel flasks without trans- 
ferring them for very long periods. At that time, a single culture in 
its tenth passage had been retained in the same flask for 128 days. 
The nutrient materials were supplied periodically in the form of serum. 
Shortly thereafter, however, the culture, while apparently still alive, 
was lost by infection. It seemed desirable to repeat the experiment in 
order to determine whether such a culture could be retained in a living 
state under these conditions for a longer period, and also to study the 
effect of such treatment on the behavior and fate of the constituent 
cells. It is the purpose of this communication to report two series of 
such experiments. In the second of these, various tissue fragments 
have been kept alive in single flasks for an entire year. 

The Ciilivoaiim of Tissue Fraginenis from Skeletal Micsclefor 194 Days 

in Single Flasks 

In these experiments, fragments of skeletal muscle from a 16 day old chick 
embryo were cultivated in three separate flasks. The tissues were embedded in a 
coagulum comprised of adult fowl plasma and Tyrode solution. After a few days, 
the first culture received a mixture consisting of 30 per cent adult fowl serum in 
Tyrode solution, and the second, 50 per cent adult fowl serum in Tyrode solution. 
Three times a week for the first 50 days, and twice a week thereafter, these mixtures 
were aspirated and replaced with fresh material. On each of these occasions, the 
third culture was treated for 2 hours at 37°C. with a mixture of 50 per cent adult 
fowl plasma in Tyrode solution. The plasma was maintained in a fluid state over 
this period by the addition of heparin. After 2 hours, the heparinized plasma 
mixture was removed and the culture left without fluid until the next treatment a 

' Parker, R. C., J. Exp. Med., 1933, 58, 97. 
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The Culthaiion of Tissue FragmeiUs from Breast Muscle for One Year 

in Single Flasks 

In tliese esperiments, fragments of breast muscle from a 12 da}’ old chick em- 
br }’0 were cultivated in single flasks for a year. One group of fragments was 
carried in a fluid medium comprised of serum and Tyrode solution. In this case, 
the only plasma employed consisted of a minute capillary drop that was used to 
fix the tissue fragments to the bottom of the flask on the day the culture was made. 
Thereafter, the treatment consisted solely of regular applications of fresh serum 
diluted with two parts of Tyrode solution. This fluid was changed three times a 
week for the first 3 months, and twice a week for the remainder of the year. 

The other cultures belonging to the series were prepared by embedding the 
tissue fragments in a coagulum consisting of plasma and Tyrode solution. On 
three different occasions throughout the year, this coagulum was reinforced by the 
addition of fresh plasma and Tyrode solution. Otherwise, the nutrient materials 
were supplied regularly in the form of serum diluted with two parts of Tyrode 
solution. At the time of treatment (i.e., two or three times a rveek, as indicated 
above), this fluid was aspirated, and the cultures were washed for a couple of hours 
with Tyrode solution and then supplied with a fresh serum mixture. On each 
occasion, the sermn mixture was allowed to remain on the cultures until the next 
treatment, when the process was repeated. 

In all cases, the cultures showed a greater relative increase in surface 
area during the first few days than at any subsequent period through- 
out the year. Thus, to take an example, a group of three tissue frag- 
ments were embedded in a plasma coagulum and treated with frequent 
applications of fresh serum (Text-fig. 1). There was a rapid outward 
migration of cells up to the 7th day, but none whatsoever between the 
7th day and the 10th. Also, between the I7lst day and the 253rd 
day, there was a slight increase in surface area but no change there- 
after. In other words, on the 365th day, when theculturewasremoved 
from the flask, the area of the colony was precisely what it had been 
3| months before. 

As in the case of the earlier experiments, there were long periods in 
which certain peripheral areas consisted solely of dead cells. Even- 
tually, however, these necrotic areas became inhabited again by 
young, healthy cells that migrated out from within. The appearance 
of a given marginal area of one of the cultures was recorded photo- 
graphically at the end of the 1st, 2nd, and 3rd months (Figs. 7-9). 
At the end of the 1st month (Fig. 7), the structures comprising this 
area were completely devoid of every manifestation of life. Although 
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When the various cultures had been treated according to these 
procedures for exactly 1 year they were removed from their respective 
flasks, cut into small fragments, and the fragments transferred to 
fresh flasks and new medium. The medium consisted of a semisolid 
coagulum comprised of adult fowl plasma and Tyrode solution. 
Again, as in the case of the cultures carried in single flasks for 194 
days, active growth resulted (Fig. 1 1) . The lag period was somewhat 
longer than before and lasted from 2 to 4 days. Eventually, however, 
the fragments were completely surrounded by new marginal cells of 
the so called fibroblast type. Additional nutrient materials were 
supplied by three subsequent applications of adult fowl serum diluted 
with Tyrode solution. On the 10th day, the subcultures were fiixed in 
Zenker-formol, after which sections were cut and stained according to 
the trichrome procedures of Masson® (Figs. 12-16; 18-20). 

As already indicated, one of the original cultures had been carried 
for 1 year in a flask devoid of the usual plasma coagulum. This par- 
ticular culture, in common with the others belonging to the series, re- 
ceived regular nourishment in the form of fresh serum. By subcultur- 
ing the material at the end of the year (Fig. 17), it was discovered that 
the central portions of the tissue mass contained an even distribution 
of living cells. But the stained sections that were prepared from the 
subcultures disclosed even more. The innermost regions of the tissue 
mass were found to contain a considerable quantity of well formed 
connective tissue fibers (Fig. 18). After treatment with the Masson 
stains, these fibers appeared brilliant green. Very often, they were 
arranged in wavy, parallel bundles. In addition, the cultures con- 
tained a dense accumulation of sharply defined muscle fibers (Figs. 
19 and 20), in many of which it was still possible to detect cross stria- 
tions and myofibrillae. Unfortunately, however, it has not been 
possible to reproduce these striations photographically. 

In other cultures belonging to the series, i.e., those embedded in a 
plasma coagulum, no muscle fibers were present; but the connective 
tissue was particularly well developed. In the central areas of the 
original explants (Fig. 12), the nuclei were usually larger and more 
numerous than at the periphery (Figs. 13 and 15). In all cases, the 
matrix in which they were embedded was distinctly fibrous. The 
cytoplasm of the cell bodies was never discernible. Towards the mar- 
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cause of these irregularities, the fact remains that the gross appearance 
of the tissue mass bore little or no relationship to the conditions exist- 
ing within. For, although the majority of the cultures appeared dead 
and degenerate for months, the central regions of the tissue masses con- 
tinued to live for an entire year. At the end of this period, the area of 
outgrowth from the various fragments was only slightly greater than 
that attained at the end of the 7th day. It would seem, then, that an 
appropriate balance had been established between cell multiplication 
and cell death in which both had been reduced to a minimum. 

The present experiments have also demonstrated that fragments of 
breast muscle cultivated in serum remain alive regardless of whether 
they are embedded in a plasma coagulum or simply placed in the 
bottom of the flask and left exposed to the direct action of the serum. 
Tissues cultivated under both conditions were equally viable at the 
end of the year. There was also, in each case, an abundant production 
of adult connective tissue. At the end of the year, however, the frag- 
ments that were cultivated in a fluid medium were further char- 
acterized by a dense accumulation of muscle fibers. These were 
completely absent from the tissues that had been embedded in plasma. 
But the plasma cultures showed an even greater abundance of con- 
nective tissue fibers. At present, there is no way in which to account 
for these diSerences. The most that can be said is that the fluid me- 
dium seemed to favor the retention of muscle elements, whereas the 
plasma medium favored the production of connective tissue. Levi^ 
is of the opinion that de-differentiated myoblasts may produce C 0 I 7 
lagenousconnectivetissuefibers. It is possible that this hastaken place 
in the present experiments. If such was the case, then the plasma 
cultures may have produced more connective tissue than the fluid 
cultures because in the former the de-differentiation of muscle was 
complete. Be that as it may, the experiments have served to demon- 
strate one point conclusively, namely, that the presence of a plasma 
coagulum is absolutely unnecessary to the continued survival and 
further development of tissues cultivated in serum. 

The fact that connective tissue fibers may develop in vitvo has been 

^ Levi, G., Z. ges. Anai., 1934, 31, 471. 
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3. The presence of a plasma coagulum is not essential to the con- 
tinued survival and furtherdevelopment of tissues cultivated inserum. 

4. The fibrinogen, prothrombin, and fibrin of coagulated plasma are 
not essential to the development of connective tissue fibers in vitro. 

EXPLANATION OF PLATES 
Plate 10 

Fig. L Culture 5984-2. A growth of new cells spanning two fragments of 
tissue excised from a culture of chick embr>^o skeletal muscle that had been em- 
bedded in a plasma coagulum and treated with 50 per cent adult fowl serum for 
194 days in a single flask before being transferred to a new medium of like consti- 
tution. X 115. 

Fig. 2. Culture 5984-2. A section through one of the original tissue fragments 
shown in Fig. 1. Fixed in Camoy solution after 6 days in the new medium, and 
stained according to Masson’s trichrome procedure. The sharply defined marginal 
fringe represents the new cells that have migrated out from the periphery of the 
original fragment over the 6 day period. X 230. 

Fig. 3. Culture 5984-2. Another marginal area from the culture sho\Mi in 
Fig. 2. X 620. 

Fig. 4. Culture 5984-5. A section through the center of a tissue fragment 
cultivated in 30 per cent serum for 194 days in a single flask. X 620. 

Fig. 5, Culture 5984-5. Another area from the culture shown in Fig. 4. 
X 620. 

Fig. 6. Culture 5986-2. A section through the marginal area of a tissue frag- 
ment cultivated in 50 per cent heparinized plasma for 194 days in a single flask. 
X 230. 


Plate 11 

Fig. 7. Culture 5989-3. A group of degenerating cells at the margin of a cul- 
ture of chick embryo breast muscle that had been embedded in a plasma coagulum 
and treated with adult fowl serum for 1 month without being transferred. X 115. 

Fig. 8. Culture 5989-3. The area shown in Fig. 7 at the end of the 2nd month 
X 115. 

Fig. 9. Culture 5989-3. The area shown in Figs. 7 and 8 at the end of the 3rd 
month. X 115. 

Fig. 10, Culture 5989-3. The area shown in Figs. 7, 8, and 9 at the end of the 
5th month, X 115. 

Fig. 11. Culture 6494-2 (from Culture 5989-2). A growth of new cells from a 
fragment of tissue excised from a culture of chick embryo breast muscle that had 
been embedded in a plasma coagulum and treated with adult fowl serum for 1 
year before being transferred to a new medium. X 21. 

Fig. 12. Culture 6494-4. A section through the center of a tissue fragment 
that had been embedded in a plasma coagulum and treated with adult fowl serum 
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THE FATE OF A VIRULENT HEMOLYTIC STREPTOCOCCUS 
INJECTED INTO THE SKIN OF NORMAL AND 
IMMUNIZED RABBITS 

By D. MURRAY ANGE^UNE, M.D. 

{From the Department of Pathology, Cornell University Medical College, New York) 

(Received for publication, April 23, 1936) 

The fate of avirulent hemolytic streptococci after inoculation into 
the shin of normal and sensitized rabbits has been previously (1) 
described. When small numbers of relatively avirulent hemolytic 
streptococci were injected into the skin over the flank of normal 
rabbits they seldom dimin ished and usually increased in number 
during the first 5 hours after inoculation, but after 12 hours had 
usually disappeared. Streptococci reached the inguinal lymph nodes 
of normal animals in considerable number within 15 minutes; the num- 
ber recovered was greatest within 2 hours after injection and gradually 
decreased so that few organisms were recovered from the lymph nodes 
after 7 hours. A smaller number reached the iliac lymph node. They 
were recovered in several instances from the blood and were occa- 
sionally found in the spleen. 

When the same dosage of avirulent streptococci was injected into 
the skin of rabbits sensitized by repeated injection of avirulent hem- 
olytic streptococci, the reaction at the site of inoculation was larger, 
more edematous and associated with more necrosis than in the normal 
animals. The avirulent streptococci multiplied for about 5 hours and 
were recovered in larger numbers from the sensitized than from the 
control animals. They persisted for a longer time in the sVin of the 
sensitized (24 hours) than in that of the control rabbits. Streptococci 
were recovered from the inguinal lymph node in fewer instances and 
in much smaller numbers than from those of the controls. On no 
occasion did we recover streptococci from the iliac lymph node, blood, 
liver or spleen of sensitized animals. The multiplication in the gVin 
of sensitized rabbits was favored by local injury with necrosis which 
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VIRULENT HEMOLYTIC STREPTOCOCCUS 


was more extensive than in the normal animals. In association with 
this more intense inflammatory reaction in the sensitized rabbits, the 
streptococci were fixed or held at the site of inoculation. It is evi- 
dently desirable to repeat the experiments with a hemolytic strepto- 
coccus virulent for rabbits. 

The term sensitized was used in the above experiments because 
of the striking skin hypersensitivity produced by an avirulent hem- 
olytic streptococcus which we have designated as strain Bi. Jt will 
be seen that the virulent hemolytic streptococcus, that will be desig- 
nated as strain H, produces a very different picture. There is at first 
a moderate amount of cutaneous hypersensitiveness that gradually 
diminishes with subsequent injections of the organism. A very con- 
spicuous degree of immunity indicated by diminishing local reaction 
is later produced. It seems appropriate in the following experiments 
to describe our animals as immunized against the virulent strep- 
tococcus. 

Methods 

Cidlure , — ^The virulent organism used in these experiments was a hemolytic 
streptococcus kindly given to us by Dr. F. P. Gay. It was originally isolated 
from a case of human empyema and has been used rather extensively by him 
during the past IS years (2), He has designated it as Streptococcus pyogenes 
The culture when received was in pleural fluid from a rabbit that had died with 
empyema. This pleural fluid was kept in the ice box, and cultures from it were 
designated as stock cultures. Subcultures were obtained by transferring 0.1 cc. 
of the pleural fluid to plain broth with a pH of 7,6 and incubating for 18 hours 
at 37®C. At first 1 cc. of a 1:100 dilution was fatal 7 days after intrapleural 
inoculation; this dosage was never fatal when injected intracutaneously. To 
increase the virulence of the organism, we followed successfully the method sug- 
gested by Gay (2). The stock culture was passed through the pleural cavity of' 
several normal rabbits imtil 1 cc. of a 1 : 1,000,000 dilution proved fatal: Pleural 
fluid thus obtained was kept on ice and denoted the passage culture. In order to. 
maintain a high virulence, the organism was passed through the pleural cavity 
of a normal rabbit once every 2 to 3 weeks. The virulence varied slightly from, 
time to time, but was maintained at such a level that during the course of these, 
experiments 1 cc. of a 1:10,000 dilution regularly caused the death of animals 
within 3 to 4 days. It is noteworthy that only one strain of streptococcus was 
used in these experiments. 

Immunization . — Chinchilla rabbits ranging in weight from 1600 to .2400 gm.. 
w^ere used. They received intracutaneous injections of 0.1 cc. of 1:100 dilution 
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t)f an 18 hour stock broth culture of the H hemolytic streptococcus cveo^ week, 
usually for a period of 5 wccIls. A few rabbits received one or two additional 
inoculations. In a few instances the initial dose was 0.1 cc, of a 1:10 dilution; 
however, this produced such large necrotic lesions that it was discontinued. The 
first injection produced uniformly large abscesses associated wdth much erythema, 
edema and a central yellow’ necrotic area. This lesion increased in size, usually 
for a period of from 4 to 5 days, and disappeared after from 5 to 6 weeks. In a 
few instances on the 5th or 6th day the erythema and edema surrounding the 
lesion spread for a considerable distance beyond it, resembling eiy’sipelas, and then 
disappeared wdthin 3 days. 

The lesion produced by the second inoculation w’as usually slightly smaller 
than the first, there w’as less or occasionally no necrosis, and it usually disappeared 
in a somewhat shorter time. Subsequent inoculations regularly produced smaller 
red and edematous lesions with a somewhat firmer center; they reached a maxi- 
mum size in ,48 hours and rapidly subsided, disappearing entirely wdthin from 
3 to 4 days. 

Test for Hypersensitivity , — ^Bottles (100 cc.) of broth with pH 7,6 w’ere inocu- 
lated from the passage culture in pleural fluid and incubated for 48 hours at 37®C. 
The cultures were passed through a Seitz filter and the resulting filtrate tested for 
sterility. The filtrate was kept in the ice box and used as required. No deteriora- 
tion w’as noted after 4 months in the ice box. 

Skin hypersensitiveness to hemolytic streptococci w’as determined by an 
intracutaneous injection of 0.1 cc. of the streptococcus filtrate. Each rabbit w’as 
tested with filtrate before and at intervals during the period of immunization. 
The first injection was usually negative except for a slight diffuse erythema un- 
accompanied by edema in an occasional animal. 

All immiinized rabbits (Table I) developed some skin hypersensi- 
tivity to filtrate, although they usually reacted to filtrate more strongly 
about the 12th day than at the end of the period of immunization. 
The size of the edematous lesion produced -with filtrate roughly paral- 
leled that of lesions produced by simultaneous intracutaneous injec- 
tions of living hemolytic streptococci. 

A graphic comparison of the size and duration of the Rkin lesions 
produced by five injections of the virulent strain of hemolytic strep- 
tococci -with those produced by the avirulent strain is given in Text- 
fig. 1. The two animals represent typical examples of similarly in- 
jected rabbits. With repeated injections of avirulent streptococci the 
lesions increase in size, becoming more er3dhematous and edematous; 
the later lesions also tend to persist longer. The first two injections 
of virulent streptococci, on the contrary, produce large ulcerative 
abscesses that heal after several weeks. Repeated injections usually 



HEMotVTIr . 

PWduce smaller eiythe ’'“WococcDs 

^«-^or3<la3,s. <=<^-alo„s rial 

Urn *sapp 


CO 

® 801 


Pyococci 
VBtrain Bj 


ent 
ptococci 



- 0 
Days 


A compa^ror^tl!"' ^ 

rabbit<i in • ^ of thp ?« • diameters. 

^”‘i=Wm3taacUeT~“ 



D. MURRAY ANGEVINE 


135 


size of the lesions is evident, whereas in the latter the lesions become 
much smaller and tend to be more uniform in size. The dosage of 
avirulent streptococci was 0.1 cc. of a 1;10 dilution, whereas that of 
the virulent streptococcus was smaller, being 0.1 cc. of a 1 : 100 dilution. 

Tim. 



Text-Fig. 2. The size of lesions of nine rabbits, each receiving five subsequent 
injections of 0,1 cc. of a 1:10 dilution of a broth culture of avirulent hemolytic 
streptococci (strain Bi). 

Text-Fig. 3. The size of lesions of nine rabbits, each receiving five subsequent 
injections of 0.1 cc. of a 1:100 dilution of a broth culture of virulent hemolytic 
streptococci (strain H). 

It was desirable to use the smaller dose of virulent organisms so that 
extensive lesions might be avoided. A few anim ak were injected 
with the larger dose of 0.1 cc. of a 1: 10 dilution of virulent hemolytic 
streptococd and a similar, but even more striking, degree of immunity 
was evident. 
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during 48 hours, when they appeared as large, edematous, ulcerated lesions of 
which the largest measured 51 by 37 by 9 mm. 

In the immunized rabbits pale, edematous, occasionally pink wheals appeared 
within 4 hours. The inflamed area did not increase in size; however, in some 
instances after 48 hours, it measured 25 by 25 by 2 mm., and had a small yellow 
center. In no instance did ulceration occur. 

The skin lesions, inguinal lyonph nodes, iliac lymph nodes and spleens were 
removed and cultured as previously described (1). A culture from the blood 
of the heart was made immediately before death from each rabbit. The number 
of organisms injected and the number recovered are given in Table I. We made 
no cultures from the immune animals after 4 days because no organisms had been 
recovered from this group from 2 to 4 days after inoculation. 

The number of organisms injected varied from 130,000 to 600,000, with an 
average of 300,000 organisms for each injection. 

Nwnber of Streptococci at the Site of Injection . — ^The organism was 
recovered in large numbers from the normal animals in every instance. 
In the first twelve experiments, from 201,000 to 150,000,000 organisms 
(average about 35 million) were recovered from the skin of the normal 
rabbits, as contrasted with from 0 to 6,600,000 organisms (average 
about 800,000) from the twelve immunized rabbits. In normal rab- 
bits multiplication began during the first 2 hours, proceeded rapidly 
for 12 hours and then diminished slightly up to 24 hours. Large 
numbers of streptococci were recovered from both inguinal and iliac 
lymph nodes, blood and spleen, during 5 days after injection, but 
none were recovered after the 7th day because the rabbits had become 
im m une. Two of three animals injected at the same time, not in- 
cluded in Table I, died with bacteremia on the 7th day. 

Streptococci were recovered from rabbits kfiled from 5 to 16 days 
after injection. On the 19th day the site of injection was found to 
be sterile, and a few organisms were recovered from a normal rabbit 
examined on the 21st day. Irregularities in the numbers recovered 
from normal rabbits may be due in part to individual differences in 
rabbits; it is probable that in some instances a great many organisms 
were lost in purulent discharge, whereas in others there was little 
or none. 

The number of organisms recovered from the skin of the immune 
rabbits was less than the number injected in all save 4 instances, and 
in these there was some multiplication. The greatest multiplication 
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during 48 hours, when they appeared as large, edematous, ulcerated lesions of 
which the largest measured 51 by 37 by 9 mm. 

In the immunized rabbits pale, edematous, occasionally pink wheals appeared 
within 4 hours. The inflamed area did not increase in size; however, in some 
instances after 48 hours, it measured 25 by 25 by 2 mm., and had a small yellow 
center. In no instance did ulceration occur. 

The skin lesions, inguinal lymph nodes, iliac lymph nodes and spleens were 
removed and cultured as previously described (1). A culture from the blood 
of the heart was made immediately before death from each rabbit. The number 
of organisms injected and the number recovered are given in Table I. We made 
no cultures from the immune animals after 4 days because no organisms had been 
recovered from this group from 2 to 4 days after inoculation. 

The number of organisms injected varied from 130,000 to 600,000, with an 
average of 300,000 organisms for each injection. 

Number of Streptococci at the Site of Injection . — ^The organism was 
recovered in large numbers from the normal animals in every instance. 
In the first twelve experiments, from 201,000 to 150,000,000 organisms 
(average about 35 million) were recovered from the skin of the normal 
rabbits, as contrasted with from 0 to 6,600,000 organisms (average 
about 800,000) from the twelve immunized rabbits. In normal rab- 
bits multiplication began during the first 2 hours, proceeded rapidly 
for 12 hours and then diminished slightly up to 24 hours. Large 
numbers of streptococci were recovered from both inguinal and iliac 
lymph nodes, blood and spleen, during 5 days after injection, but 
none were recovered after the 7th day because the rabbits had become 
immune. Two of three animals injected at the same time, not in- 
cluded in Table I, died with bacteremia on the 7th day. 

Streptococci were recovered from rabbits killed from 5 to 16 days 
after injection. On the 19th day the site of injection was found to 
be sterile, and a few organisms were recovered from a normal rabbit 
examined on the 21st day. Irregularities in the numbers recovered 
from normal rabbits may be due in part to individual differences in 
rabbits; it is probable that in some instances a great many organisms 
were lost in purulent discharge, whereas in others there was little 
or none. 

The number of organisms recovered from the skin of the immune 
rabbits was less than the number injected in all save 4 instances and 
in these there was some multiplication. The greatest multiplication 



138 


to,, 

“ Z 8 J,o ■°“'^Ws 

%%V/a/ ^^odiiced in the J 

St,'>S5'';“--‘-. . "■'*■“ “«S? 

formal and r n formal, 

^’‘^’ntnizcd J?„t,. 

^^^*°“'°°°°°====t====^f ^‘'‘f'^occi i„ ^ 


Blood 

^P^een 

^ Streptococci 

^"'^raged S6 «ode / - 

;7‘- ■ ^ 

sriit “ « “>03e 0, a, . 

JS ff,« ^^sreater th ojj,,.. rjoppij the 

and 2 ^^erfie .. inguin^ ^^^Ive 
Iliac su- of 

^ndes Mrerp „ . 

found iviti 


O. MURRAY ANGEMNE 


139 


certainty in two instances and hence they were omitted from the 
enumeration in Tables I and H. We were able to culture an average 
of about 223 colonies of hemolytic streptococci per lymph node from 
five of ten normal rabbits. The other five were sterile. Streptococci 
were usually recovered from tire iliac nodes when large numbers of 
organisms were present in the inguinal lymph node. The iliac lymph 
nodes of immune rabbits gave no growth. 

Blood. — ^Positive blood cultures were obtained from two of twelve 
normal rabbits killed within 4 days after inoculation and in these there 
was a great deal of multiplication of streptococci in the skin; they were 
numerous in the inguinal Ijmph nodes and were present in the iliac 
l)mph nodes. Positive cultures were obtained from the blood only in 
animals with streptococci in the iliac lymph nodes. Cultures made 
of the blood of immune animals were in all instances sterile. 

Spleen. — Organisms were grown from the spleen in four of the twelve 
normal animals killed within 4 days after inoculation. In all instances 
in which streptocoed were found in the spleen, they had undergone 
conspicuous multiplication at the site of inoculation, were munerous 
in the inguinal Ijmph nodes and were recovered from iliac nodes. 
The spleen from immime rabbits was sterile in each instance. 

Histological Changes at the Site of Infection and in Adjacent Lymph 
Nodes in Normal and Immunized Rabbits 

A group of six rabbits received five intracutaneous injections of 
0.1 cc. of a 1 : 100 dilution of living virulent hemolytic streptocoed at 
weekly intervals. After the third injection of streptocoed a test dose 
of filtrate produced edematous wheals. The average lesion for the 
entire group was about 22 mm. across and 2 mm high. After the 
fifth injection, although there was some hypersensitivity to the filtrate, 
the reaction was considerably less. It was only slightly elevated 
above the skin surface and measured 12 cm. across. This group 
together with sis normal rabbits received an intradermal injection of 
0.1 cc. of a 1:100 dilution of an 18 hour broth culture of virulent 
streptocoed (190,000). The site of injection was carefully marked 
with India ink and this remained visible until the sections were cut. 
An immunized and a control rabbit were killed simultaneously after 
intervals of 2, 4, 8, 12, 24 and 48 hours. The skin at the site of injec- 
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tion and the inguinal lymph nodes were placed in Zenker’s fixative, 
'Sectioned and stained with Mallory’s eosin and methylene blue. 
Text-fig. 4 gives diagrammatic cross sections of the skin lesions. The 
dark stippled area represents the extent of cellular reaction, and the 
clear central area the site at wliich the streptococci are seen. Descrip- 
tions of the skin lesions in two groups of animals follow. 


Hours 

Skin lesions ■with hemolytic streptococci (O.OOi cc.) 

after 

injection 

Virulent (strain H) 

Avirulent (strain Bj) 

■Normal 

Immunized 

"Normal 
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Text-Fig. 4. Diagrammatic representation of the skin lesions (enlarged 1.5 X) 
in normal and immunized rabbits. The lesions were removed at intervals after 
intracutaneous injections of 0.1 cc. of a 1 : 100 dilution of a broth culture of virulent 
hemolytic streptococci (strain H). Lesions from normal rabbits that received 
the same dose of avirulent hemolytic streptococci (strain Bi) are included for 
comparison. 

After 2 Eotirs , — 

R 1, Conlroh — ^The site of inoculation is not visible. There is infiltration of 
polymorphonuclear leucocytes throughout the corium, together with a few lympho- 
cytes and mononuclear cells. A few cocci are seen to be free between the collagen 
fibres and in very few instances one is found within the cytoplasm of a poly- 
morphonuclear leucocyte. 

R 2, Imiminizcd , — ^There is no alteration in the skin that is visible to the naked 
eye. Microscopical changes are similar to those described above but there are 
fewer pobonorphonuclears. A considerable number of them contain blue staining 
cocci. The organisms are recognized with much difi&culty in intact cells, because 
they are obscured by the eosinophilic granules. On the contrary, in damaged 
cells with few or no granules they are recognized readily. 
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After 4 Hours . — 

R J, Control— There \\’as some edema and faint er>'thcma at the site of inocula- 
tion. I^Iany poljTnorphonudcar leucocytes arc scattered throughout the section 
and some are in foci. A moderate number contain cocci singly and in pairs. 
Extracellular streptococci are readily discernible in considerable numbers. 

R 4, Immunized— The skin was slightly injected. Microscopically there arc 
large numbers of streptococci occupying an area containing few cells still intact. 
This area is surrounded by a fairly extensive accumulation of polymorphonuclear 
leucocj’tes, a few lymphoc>^tes and mononuclear leucocytes. A moderate number 
of poljunorphonuclears adjacent to the streptococci show phagoc^^ted organisms. 
They are seen with difficulty in the cells ndth numerous granules and in areas w'hcre 
there is marked fragmentation and pyknosis of the nuclei. 

After 8 Hours , — 

R 5, Control — ^The skin lesion measures 12 by 11 by 1 mm. and is intensely 
hemorrhagic with a central dark purple area. A red streak upon the sliin cor- 
responds to the lymphatic draining this area. There are large numbers of organ- 
isms in the section and an extensive infiltration of pol>Tnorphonu clear leucocytes. 
Streptococci are not limited to the site where polymorphonuclear leucocytes occur 
but are seen in considerable numbers in the tissue beyond the barrier of leucocytes 
and here they have apparently multiplied, A moderate number of polymorpho- 
nuclear cells contain single cocci. 

R 6f Immunized, — ^There is a pale edematous wheal on the skin surface that 
measures 12 by 18 by 2 mm. A large number of streptococci, but definitely fewer 
than in the control animal, are scattered between the collagen fibrils within a 
dense zone of polymorphonuclear leucocytes that serves as a barrier. Cells 
adjacent to organisms are largely disintegrated whereas those at the periphery are 
intact. At the junction of well preserved polymorphonuclears and those that 
have lost their granules there is a considerable amount of phagocytosis. 

After 12 Hours , — 

R 7, Control— The skin lesion measures 20 by 14 by 3 mm. with a yellow 
necrotic area in the central part. Streptococci are present in larger numbers 
than in any previous section. They occupy a large area with few cells in which 
the areolar tissue is edematous; this area is palely stained in contrast to the sur- 
rounding dense, fairly complete zone of polymorphonuclear leucocytes. There 
IS a moderate amount of phagoc^^tosis and cells that have ingested streptococci 
often have damaged nuclei and diminished granules. 

R 8, Immunized.— The skin lesion measures 12 by 12 by 2 mm. with a very 
small yellow center (two other immunized rabbits, R 10 and 12, show no lesion 
at the site of inoculation at this time). A very dense collar of polymorphonuclear 
leucocytes surrounds a small clear area with few cells and relatively large numbers 
of streptococci. The nuclei of the innermost cells are greatly fragmented. The 
intact polymorphonuclear leucocytes show considerably more phagocytosis than 
do those in the control rabbit. 
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After 24 Hours . — 

R P, Control. — superficial abscess is present on the skin; it measures 13 by 18 
by 2 mm., with a definite yellow central part. There is extensive necrosis of the 
areolar tissue of the corium. Practically no cells but great numbers of streptococci 
in chains and clumps are present in tliis area. The necrotic tissue is surrounded 
by a wide dense zone of polymorphonuclear and mononuclear leucocytes and 
lymphocytes. A slight amount of phagocytosis is noted. 

R lOy Immunized. — The site of injection shows slight redness that measures 
6 by 6 mm.; there is no edema. In the section there is a dense collection of poly- 
morphonuclear leucocytes associated with localized necrosis of tissue. There are 
many mononuclear macrophages, some of which have ingested polymorphonuclear 
leucocytes. Very few cocci are seen free in the tissue. A considerable number 
are contained within the cytoplasm of both the polymorphonuclears and macro- 
phages. 

After 48 Hours.— 

R 11, Control. — ^The skin lesion is a large abscess that measures 35 by 25 by 
4 mm.; superficial ulceration measures 1 cm. across. A section shows that the 
abscess involves all layers of tlie skin; the central part is necrotic. There are 
many polymorphonuclear and mononuclear leucocytes throughout the edematous 
tissue. A few small clusters of blue-staining cocci are seen free in the tissue. 
A relatively large number are contained within the polymorphonuclear leucocytes. 

R 12, Immunized. — The skin lesion is quite exanthematous and measures 12 by 
12 by 2 mm. There is no gross evidence of necrosis. The section of skin contains 
a well localized abscess composed of necrotic cells and tissue surrounded by a 
zone of polymorphonuclear leucocytes, together with a large number of macro- 
phages that have ingested polymorphonuclear leucocytes and contain a consider- 
able amount of nuclear debris. A few scattered cocci are present, most of them 
within the cells. 

Inguinal Lymph Nodes 

The changes in the lymph nodes parallel rather closely those of tlie 
corresponding skin lesions described above. The lymph nodes from 
the normal and immune rabbits do not differ conspicuously eitlier m 
the gross or microscopically. However, several features are worthy 
of note. 

Control Rabbits. — ^In the normal rabbits the lesion is associated with a greater 
polymorphonuclear infiltration up to 12 hours. Mononuclear leucocytes appear 
in fairly large numbers after 12 hours and a few scattered cocci are seen in prac- 
tically every section. Within 24 hours small focal abscesses, quite definite after 
48 hours, are appearing; after 4 days tliese abscesses become confluent. At this 
time suppurating thrombi occlude many of the lymphatics on the periphery of the 
node. After 7 days in an animal dying with a generalized bacteremia there are 
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somewhat simflar changes, but mononuclear cells have entered these lymphatics 
and there are large clumps of bacteria in necrotic lymphatic tissue and in the 
cortical Ijunph sinus. 

Immune Rabbits . — In the immunized rabbits inflammation is somewhat less 
intense and at 48 hours is definitely subsiding with a diminution in number of 
poljTnorphonudears. The mononuclear leucocytes appear after 4 hours in 
moderately large numbers. It is difficult to compare the number of microorgan- 
isms seen in the two groups; however, in several of the immune animals they were 
found with more difficulty and were probably present in smaller numbers. 

From obser%'ations described above, it is evident that in normal 
rabbits streptococci multiply at the site of inoculation in most in- 
stances, and rapidly cause the formation of a large local abscess. 
When the rabbit recovers the lesion heals and the organisms disappear, 
whereas if the animal dies with bacteremia streptococci are found in 
large numbers at the site of inoculation as well as in the adjacent lymph 
nodes. No deposition of fibrin was seen in the skin lesions; however, 
after 4 days many of the lymphatics are occluded with suppurating 
thrombi. In the immune group the site of injection remains smaller, 
never ulcerates, and the inflammation disappears within a relatively 
short time. There is more phagocytosis in the lesions of the immune 
than in those of the normal rabbits. 

Comparable skin sections from rabbits injected with an avirulent 
hemolytic streptococcus are included in Text-fig. 4. It is readily seen 
that rabbits immunized with a virulent streptococcus have reacted to 
subsequent injections of the same organism in much the same way 
that normal animals have reacted to a first injection of an avirulent 
streptococcus. 


DISCUSSION 

In comparing the fate of virulent hemolytic streptococci injected 
into both normal and immunized rabbits with that of avirulent strep- 
tococci imder the same conditions, only one strain of each has been 
used. Smaller doses of virulent than of avirulent streptococci have 
been used in most instances to produce immunization. 

When small amoimts (0.1 cc. of a 1:100 dilution) of virulent hem- 
ol3rtic streptococci were injected into the skin of normal rabbits they 
multiplied at the site of inoculation and were still present after 3 weeks 
(Table I) . The organisms invaded the lymph nodes and were demon- 



„ ctKETTOCOCCUS 

T« QP.veral am 


viRTJLTi^^'^ n^Inals, tbey^veTe 

„ to 7 d=^ys- 'TVJO aniin* 

,ttaUerolatg'=®"“'’°\*o4 sttearo “.‘^^^jeTjectcd 
tecoveied ^moly tic stteptococc niplied ioi ^ l 

Aitlio'tg''. o{ tiotio ^ deg«c ° j jioitnaV 

3 t,eptococa m *e sa ^pptwched atoi^^ot " t 

organisms. ^servations on ^ . ^^to the Uo ^ a 

There are iew ou iriocnlatioi . i^^ce fcr 

J:i>utnu»eto^;Cu W)- «t»crtil a io. , 

Uetbai doae P,,, «°°f f Ci «=« at 7 

rabbits disapp per cent o th a, . etasted 

letbai dose ( ) ^ ^ jew ’pegan to increase j^ttacu- 

“ «»y bavt b«n less 

SssSirlr-s^-'--' 

Day CS) 



D. MtnUUY ANGEVINE 


145 


vaccines prepared irom both fully virulent and less virulent streptococci of the 
same strain. The mice then received intraperitoneal injections of living virulent 
streptococci. It was found that the mice immunized with the vaccine prepared 
from the fully virulent streptococcus were better protected than those immunized 
with the vaccine prepared from the less virulent streptococcus. He concluded 
that unless the \’irulence was of a high degree vaccines failed to give protection 
even to streptococci of submaximal virulence and might even induce susceptibility. 

Downie (9) attempted to immunize rabbits with the toxin prepared from fil- 
trates and with heat-killed cocci of a moderately virulent (Dochez) strain and 
with a highly virulent (Davis) strain. He found that the toxin of the moderately 
virulent strain immunized against a fatal infection after intradermal or intravenous 
injection of the same strain, whereas the coccus-immunized rabbits and the 
controls died. The filtrate of a highly virulent organism afforded little protection 
when given either intradermally or intravenously against an homologous strain, 
whereas the heat-killed cocci protected against an homologous strain (Davis) 
but not against a less virulent (Dochez) one. This group of experiments demon- 
strates some of the difficulties in the interpretation of streptococcus immunity. 
Those who have immunized with the living organisms have had more success. 

The experiments that have been described show that rabbits 
inoculated with a moderately virulent H streptococcus are well immun- 
ized against the same strain of streptococcus even after the virulence 
has been considerably increased by animal passage. Injections con- 
trolled subsequent inoculations of streptococci with increasing effi- 
ciency, demonstrated by both gross and microscopic changes and by 
bacteriolo^cal examinations (Tables I and II). These animals were 
not tested with increasing doses of streptococci to determine the degree 
of acquired immunity, and observations concerning immunity are on a 
qualitative rather than a quantitative basis. The observation of 
this conspicuous immunity produced in association with a diminishing 
and slight degree of hypersensitivity, is one of many observations of a 
high degree of i m m u nity with scant if any hypersensitiveness. The 
rabbits immunized with virulent streptococci did, however, have some 
cutaneous hypersensitivity to the streptococcus filtrate, though this 
was at a ma x imum before the end of immum'zation, so that these 
experiments give no information concerning the relationship between 
hypersensitivity and immtmity. 

. The histological sections of lesions from normal and immunized 
rabbits show more phagocytosis in the immune than in the normal 
rabbits. The early experiments of Denys and Leclef (10) on the 
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phagocytosis of streptococci showed that there was more phagocytosis 
by the polymorphonuclear leucocytes in vaccinated rabbits than in 
normal rabbits. Corresponding observations were made in vitro. 

It is noteworthy that skin lesions following the injection of avirulent 
hemolytic streptococci into normal rabbits (1) are similar in gross and 
histological characters to lesions produced by a virulent hemolytic 
streptococcus in rabbits that had received repeated injections of viru- 
lent streptococci. In other words, a virulent hemolytic streptococcus 
produced much the same type of reaction in immunized rabbits that 
an avirulent streptococcus produced in normal rabbits. The fate of 
the streptococci determined by counting of colonies was found to be 
similar in the two instances. 

The relationship of virulence to the production of immunity is still 
obscure, although there are several observations indicating that in- 
creased virulence promotes immunization. The ability of virulent 
hemolytic streptococci to multiply in the body and invade the blood 
stream may help to explain why animals injected with virulent 
organisms develop a high degree of immunity. 

SUMMARY AND CONCLUSIONS 

1. Hemolytic streptococci, highly virulent for rabbits, when injected 
into the skin of normal animals increased greatly in number at the site 
of injection during the first 12 hours, diminished somewhat after 
24 hours but still persisted after 21 days. They produced large 
abscesses within 24 hours, there was ulceration, and healing occurred 
after about 5 weeks. Histological observations confirmed the bac- 
teriological evidence that the streptococci underwent great multiphca- 
tion at the site of their injection. 

2. Virulent hemolytic streptococci injected into the skin of normal 
rabbits appeared in small numbers within 1 hour in the lymph nodes. 
As multiplication proceeded in the skin, hemolytic streptococci were 
found in large numbers from 1 hour to 7 days after inoculation in the 
inguinal lymph nodes. 

3. Hemolytic streptococci were recovered from deeper Ijunph nodes, 
that is, from the iliac nodes, but only in animals of which the inguinal 
lymph nodes contained bacteria in relatively large numbers. 

4. Virulent hemolytic streptococci injected into the skin of normal 
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rabbits in some instances entered the blood stream in considerable 
number, and occasionally caused death with bacteremia. Strepto- 
cocci were recovered more frequently from the spleen and were present 
in this organ only when they had been recovered from the deep (iliac) 
lymph nodes. 

5. When virulent hemolytic streptococci were injected into the 
gitin of immunized rabbits, in a few instances they increased in number 
for a short time, but usually diminished rapidly and had entirely 
disappeared in 48 hours. The gross lesions were smaller than in 
normal rabbits. There was more phagocytosis, and redness and edema 
had disappeared after 48 hours. 

6. When virulent streptococci were injected into the skin of immune 
rabbits they passed to the regional lymph nodes in relatively smaller 
numbers than in the previously normal controls and appeared in these 
nodes in considerable numbers only in animals in which there had been 
conspicuous multiplication at the site of inoculation. No streptococci 
could be found in the iliac lymph node, blood or spleen. 

7. Virulent streptococci injected into the skin of normal animals 
multiply actively, resist phagocytosis, invade the tissues widely, enter 
adjacent and distant l5Tnph nodes and in some instances are distributed 
by the blood stream to internal organs. After immunization asso- 
ciated with some sensitization, virulent streptococci are more readily 
ingested by phagocytes, remain sharply localized, are rapidly de- 
stroyed, fail to pass the nearest lymph nodes and do not enter the 
blood stream. 
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THE BIMUNOLOGICAL SPECIFICITY OF STAPHYLOCOCCI 

IV. Ctjtaneotjs Reactions to the Type-Specific Carbohydrates* 
By L. a. JULIANELLE, Ph.D., akd A. F. HARTMANN, M.D. 

{From (he Oscar Johnson Institute and Children's Hospital, Washington University 
School of Medicine, St. Louis) 

(Received for publication, ^lardi 27, 1936) 

■ Previous communications from this laboratory have described the 
occurrence of two immunological types of Staphylococcus which are 
discernible by the precipitation in homologous immune sera of spedfic 
carbohydrates extracted from the organisms (1). A study of the 
chemical characteristics of the carbohydrates revealed sufficient dif- 
ferences to explain the serological distinctions of the two substances (2). 
In pointing out the essential immunological dissimilarities of the carbo- 
hydrate and protein constituents of the cells, a preliminary statement 
was made, among other things, regarding the cutaneous reactions to 
the spedfic polysaccharides (3, 4). Since that time, however, a more 
thorough and broader study has been undertaken on the skin reactions 
elidted by the carbohydrates in both normal and diseased individuals, 
with the result that suffident data are now available to merit an 
extended report and conclusions. 

Materials and Methods 

1. Soluble Specific Substances. — ^The specific carbohydrates of both Type A 
and Type B Staphylococcus were employed in conducting skin tests, and they 
were prepared according to the method already published from this laboratory (2). 
While in a high state of purity, liberated from the usual contaminating and pro- 
tein substances, they still contained small amounts of nitrogen (3 to 4 per cent), 
but, as will be seen later, this degree of impurity exerted no visible influence on 
their skin reactive properties. For purposes of control, use was made of the 
specific substance of TypQ 11 Pneumococcus, prepared by the method of Heidel- 
berger, Goebel and Avery (5), the serum-reactive carbohydrate of gum arabic 
(6), and the somatic pclj’^saccharide of a rough strain of rhinoscleroma bacillus (7), 

* Conducted under a grant from the Commonwealth Fund of New York. 
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measurement may attain 2.0 or more cm. Within 10 to 20 minutes, a 
zone of erythema appears surrounding the wheal. The erythema may 
increase in size and intensity, frequently exhibiting an irregular margin 
and extending unevenly in the form of pseudopods. Within 30 
minutes, the reaction usually assumes maximum intensity, when it 
begins to regress, in general completely vanishing within an hour, 
sometimes requiring a longer period. The eventual size of the reaction 
varies in different individuals. Considering the wheal and erythema 
in one measurement, the two diameters show variations of 1 x 1.5 cm. 
to 4 X 6 cm. The shin reaction has not been followed by secondary, 
local or constitutional manifestations. 

This cutaneous reaction will be recognized immediately as that 
described for the first time in response to bacterial carbohydrates by 
Tillett and Francis in their study of skin reactions in Pneumococcus 
pneumonia (8) . An observation of further interest was the occurrence 
of a prozone phenomenon in the skin reactivity of some of the indi- 
viduals, which may be likened to that occurring in serum precipitation 
reactions. For example, dilutions of 1:20,000 or 1:50,000 failed to 
elicit skin reactions, though 1:100,000 or 1:200,000 did so. 

Cutaneous Reactions in Children 

The skin tests performed in children have been summarized in 
Table I. An analysis of the data discloses that of 40 children with 
miscellaneous clinical conditions, five, or about 12 per cent, gave skin 
reactions to the carbohydrate of Type A Staphylococcus. Of this 
group, 20 were tested to Type B carbohydrate without exhibiting 
cutaneous response. These 40 children are considered as normal, 
control individuals for the purpose of this study. None of them gave 
evidence of Staphylococcus infection during their period of observa- 
tion in the Children’s Hospital, and most of them were patients 
classified as metabolic. A few were suffering from infections, as e.g. 
typhoid fever, actinomycosis, pyelitis, etc. It seems justifiable, there- 
fore, to regard the children of this group as fair for control purposes. 
Sera from two of the five reactive children were tested for precipitins, 
and in neither instance were antibodies demonstrable for Type A or 
Type B carbohydrate. 

In a group of 11 children with hemorrhagic nephritis, only one 
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reacted to Tjipe A carbohydrate, and none to Type B. Precipitation 
tests performed witli serum from two patients, one of whom reacted 
and the other of whom did not, revealed an absence of specific anti- 
bodies in circulation. These patients are classified separately because 
they serve as a control for the patients suffering from nephrosis. 

Seven children with nephrosis, also, were skin-tested with the various 
carbohydrates. All of them were found reactive to T}Tpe A polysac- 
charide but not to Type B during tire symptoms of active disease. 
None of the children’s sera contained specific precipitins. The cliil- 
dren have been studied over a period of 2 years, and skin tests have 


TABLE I 

Summary of Skin Tests and Scrum Reactions in Children to Specific Carbohydrates 

of Staphylococcus 





Skin tests 



Scrum reactions 

Individuals 

No. 

tested 

No. reacting to 
carbohydrate 

...... 

Per cent 
reacting to 
carbohydrate 

No.^ 

No. reacting 
Tvith 

carbohydrate 


Type 
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A 
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A 
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Miscellaneous 

40 
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20 tested all 
negative 

12 

i 

2 

0 

0 

Nephritis 

11 

1 

0 

9 


2 

0 

0 

Nephrosis 

7 


0 

100 

fl 


! 0 

0 

Staphylococcus infection. . 


i 

0 

1 questionable 

100 

■ 

1 

5 

1 ^ 


been made repeatedly during and after hospitalization. They have 
presented two chief points of interest. First, it has been observed 
that during their prolonged hospitalization, the occurrence of upper 
respiratory infection may precede a disappearance of the skin reac- 
tivity to Type A carbohydrate. In this case, skin reactivity reappears 
with recovery from the intercurrent infection. This observation, al- 
though not conclusive, was made on several occasions, so that it would 
appear to be of more than fortuitous occurrence. Secondly, upon 
following the children clinically after discharge, the recurrence of skin 
reactivity is frequently accompanied by albuminuria, so that it may 
be the latter condition is predictable from the presence of skin 
reactivity. 
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. Since the number of patients wth nephrosis studied is, indeed, very 
small, it is difficult to interpret the significance of these observations. 
As will be brought out subsequently, tlie absence of circulating anti- 
bodies may or may not be important as far as specific infection is 
concerned. The occurrence of nephrosis, however, is rare, and a long 
period of time must elapse before sufficient numbers are available 
for a statistical study. 

Three children with nephrosis have been tested with the carbohydrates at our 
request by Dr. J. H. McLeod, of Washington, D. C., who reported in two of the 
three patients a skin reactivity to Type A and not to Type B carbohydrate. 
Another patient, tested by Dr. Fred Moore, of Des Moines, Iowa, was found to be 
non-reactive. Four patients with nephrosis were tested by Dr. L. E. Farr, of the 
Hospital of The Rockefeller Institute; none gave skin reactions to Type A 
carbohydrate, while two gave borderline reactions to both Type B carbohydrate 
and the soluble specific substance of Type I Pneumococcus. 

Finally, ten children with authenticated Staphylococcus infection 
were tested with the different carbohydrates. All ten gave typical 
reactions to Type A carbohydrate, while one reacted slightly to 
Type B. The latter reaction was considered of doubtful significance, 
since the patient showed a mild generalized skin reactivity and appears 
to have been dermographic. Tests of serum from these patients 
indicated the presence of specific predpitins in five. The serological 
reactions wiU be described later, however. 

Cutaneoiis Reactions in Adults 

The skin tests performed on adults are presented in summary form 
in Table 11. A study of this protocol shows that of 24 normd indi- 
viduals, all medical students enjoying perfect health at the time, 16, 
or 66 per cent, were reactive to Type A carbohydrate. In two, less 
intense reactions were also observed to Type B carbohydrate, but these 
were classified as questionable because the individuals presented a 
minor degree of reactivity to aU the polysaccharides inoculated. Sub- 
sequently, the sera of five giving reactions were tested for both Type A 
and Type B precipitins, but with a negative outcome. 

Skin tests were also made on 47 patients with trachoma. In every 
^e, staphylococci were cultivated from the conjimctival sac, but it is 
doubtful that this observation is of any importance. Type A carbo- 
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hydrate elicited reactions in 30 of the patients, while Type B carbo- 
hydrate caused a minor reaction in only two. Serum from 16 of the 
patients, including the two reacting questionably to type B, was 
examined for precipitins, but they appeared to be completely absent. 
While tlie patients with trachoma were studied at the time from 
another point of view, it is obvious from the frequency of skin reac- 
tivity and absence of precipitin that they resemble normal adults in 
so far as concerns the points dealt with in this study. 

Seven laboratory workers engaged in the cultivation of both types 
of staphylococci, extraction of specific soluble substance, and the 


TABLE n 

Summary of Skin Tests and Scrim Reactions in Adults to Specific Carbohydrates 

of Staphylococcus 





Skin tests 



Scrum reactions 
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No. reacting to 
carbohydrate 
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reacting to > 
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A 
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24 
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0 
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5 

0 

0 

Trachoma patients 

47 

30 

0 

2 questionable 

63 

fl 

16 

0 

0 

Laboratory workers. 

7 

5 

0 

71 


' 4 

0 

0 

Chronic conjunctivitides. . . 

5 

5 

0 

100 


4 

0 

0 

Staphylococcus infection. . . 

14 

14 

0 

2 questionable 

100 

B 

6 

2 
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handling of these organisms in one way or another, were also subjected 
to skin tests. Five, or 71 per cent, gave reactions to Type A carbo- 
hydrate only, and four of them were tested for circulating precipitins 
without establishing their presence. Like the trachomatous patients, 
they resembled normal controls. 

Five patients with chronic conjunctivitides of undetermined origin 
were also given skin tests. All five reacted to T3q3e A, but not to 
Type B carbohydrate. Upon testing the sera of four of these patients, 
it was foimd that all lacked precipitins. 

Of 14 patients with verified Staphylococcus infection, all manifested 
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reactions to Type A carbohydrate, while two reacted questionably to 
Type B. In six of these patients a study was made of the presence of 
antibodies, and it was found that in two, precipitation occurred with 
Type A carbohydrate but not with Type B carbohydrate. 

Serum Precipitalion Reactions 

As already indicated, a study was made concurrently of the presence 
of predpitin in individuals evincing skin reactions to the polysac- 
charides of Staphylococcus. WMe it was not feasible to test the 


TABIX m 

Precipitation oj Staphylococcus Carbohydrate, Type A, by Serum of Patients with 

Homologous Infection 
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Precipitation of Type B carbohydrate was tested in same dilutions as for 
Type A. 

* These figures represent dilutions in thousands. 


serum of every individual observed, nevertheless a suffident number 
of tests were conducted to deserve certain comments. Thus, it was 
fotmd that none of the individuals who were free of Staphylococcus 
infection possessed predpitins for either carbohydrate despite the 
presence of definite and, in some instances, marked shin reactivity to 
one of them. Even during active infection when sVin reactivity is 
also present, antibodies are not necessarily demonstrable in the pa- 
tient’s serum. Thus, of 24 individuals suffering from Staphylococcus 
infection, the sera of only seven contained specific predpitins. The 
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serum precipitation reactions of these patients are summarized in 
Table III. Examination of tlie protocol shows that five of tlie patients 
were children, tliree suffering with osteomyelitis, one ^vith osteo- 
myelitis complicated by amyloid disease, and the fifth with septicemia. 
The antibody titre for Type A ranged from 1 : 200,000 to 1 : 1,000,000. 
Of these patients, three recovered and two died. One, M, died of the 
effects of amyloid disease; the other. A, while apparently recovering 
from the Staphylococcus infection, died suddenly of a terminal Strep- 
tococcus complication with septicemia. Of the two adults, one was 
affected mth septicemia, the other with osteomyelitis. The titre in 
one was 1 : 200,000, in the other 1 : 500,000. Both patients recovered. 
It may be that the occurrence of antibody in the serum is not only an 
actual measure of the degree of immunity developed by the patient, 
but that it may comprise a prognostic sign in so far as the Staphylo- 
coccus infection is concerned. 

Thus, the indications from Table III are that precipitins can be 
detected in the blood only when the infection is severe, prolonged, or 
generalized. They have not been found in patients with localized 
infections (furuncles, infected elbow, infected foot, etc.) even when 
the infected tissues yielded Staphylococcus predominantly or pure 
cultures of the organism on cultivation. If an analogy is permissible 
from experimental infections (4) and artificial immunization (1, 3) 
with Staphylococcus in rabbits and monkeys, then it can be stated 
that the serum reactions in the human being might have been antici- 
pated. In this connection, it has already been shown that prolonged 
intravenous immunization with the heat-killed organisms stimulates, 
precipitins in only a small proportion of animals, and localized infec- 
tions induced by subcutaneous agar foci containing virulent Staphylo- 
coccus, even when repeated two or three times, failed to incite the for- 
mation of carbohydrate antibody. So, also, repeated intracutaneous 
injections of dead staphylococci did not elicit a precipitin response. 

Occurrence of Specific Precipitins in the Urine of Patients with 
Staphylococcus Infection 

In several of the patients suffering from the more severe Staphylo- 
coccus infections, a study was made of the occurrence of precipitinogen 
in the urine. Tests were made at different intervals during the course 
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of infection, but at no time were specific carbohydrates demonstrable 
by precipitation in rabbit immune serum. It is quite possible that an 
intracellular situation of the carbohydrate and its presence in minute 
quantities in the bacterial cell preclude its demonstration in urine. 
In the few examples in which predpitation reactions of the urine 
have been recorded (Pneumococcus (9), Friedlander’s (10, 11), and 
typhoid bacillus (12)), the polysaccharide was not only elaborated m 
comparatively large quantities by the organism under study, but it 
was distributed m the ectoplasm of the bacterial cell, thus permitting 
more readily elimination of greater amounts of serologically reactive 
carbohydrates through the kidney. 

DISCUSSION 

The elaboration of type specific and immunologically active carbo- 
hydrates by different strains of Staphylococcus has made it possible 
to study the development of skin sensitivity during the course of 
infection, with a degree of specifidty hitherto unafforded. Skin reac- 
tivity to Staphylococcus carbohydrates, apparently absent or rare in 
infants, occurs with increasing frequency to adult life. When one 
considers the ubiquity of the organism and the prevalence of notably 
mild and transient mfections due to Staphylococcus, it is small wonder 
that the skin undergoes an alteration. The surprising element in the 
reaction is that practically all the skin sensitivity is towards the 
Type A carbohydrate. Previous studies have indicated that Type A 
strains are the pathogenic variety, whereas Type B organisms have 
not as yet been encountered in Staphylococcus mfections of man or 
animal, and it may be that this will explain in part the development 
of skin sensitivity to Type A polysaccharide. An interesting observa- 
tion in this connection is that Staphylococcus can be cultivated from 
the conjunctival sac of most patients with trachoma; and while the 
organisms are usually Type B, the skin sensitivity encountered in 
these patients is to Type A. From this it is clear that the mere 
presence of an organism over prolonged periods of time does not estab- 
lish skin sensitivity. The high frequency of skin reactions to Type A 
carbohydrate in normal adults, therefore, suggests actual infection 
with this organism at some preceding time. 

While the number of patients with Staphylococcus infection studied 
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was relatively small, skin reactivity to Type A polysaccharide appar- 
ently occurred in all instances. Reactions to Type B were rare and 
they appeared to be nonspecific. The occurrence of skin sensitivity, 
however, does not necessarily imply presence of circulating precipitins. 
In fact, antibodies have never been demonstrated in normal indi- 
viduals, and even during infection less than 30 per cent of the patients 
were found to possess demonstrable serum precipitins. Moreover, 
it has not been possible to detect any correlation between intensity of 
skin reaction and presence of antibody. The data indicate that while 
skin reactivity may evolve in all varieties of Staphylococcus infection, 
precipitins are demonstrable in the blood only during severe, pro- 
longed, generalized infection. The complete absence of antibody for 
Type B polysaccharide supports a previously reported observation, 
that strains of this type are nonpathogenic under the more commonly 
encountered conditions (1). 

The occurrence of skin reactions to Type A carbohydrate without 
circulating antibody in certain instances of nephrosis, and their 
absence in nephritis cannot be explained at the present time. Whether 
this can be regarded as evidence that nephrosis is a manifestation of 
Staphylococcus infection, as supposed by certain investigators (13), 
cannot be stated from the data at hand. This matter constitutes a 
problem in itself, and it does not affect the results described in the 
present report. 


SUMMARY AND CONCLUSIONS 

1. Skin reactions to the type specific carbohydrates of Staphylo- 
coccus indicate that cutaneous sensitivity to Type B is either extremely 
rare or nonexistent. 

2. Skin reactions to T3TJe A carbohydrate occur in about 12 per cent 
of normal infants and children and in 65 to 70 per cent of normal 
adults. 

3. Skin reactions to Type A carbohydrate occur regularly in patients 
with Staphylococcus infection. 

4. Skin reactivity is not associated with demonstrable serum pre- 
cipitins, for (a) normal individuals, though skin reactive, have not 
been found to possess them, and (b) not all patients with verified 
infection develop them. 
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5. The patients elaborating type specific precipitins, who numbered 
less than 30 per cent in this study, are those with severe, prolonged, 
or generalized Staphylococcus infection. 

6. Specific carbohydrates have not been found in the urine of 
patients during Staphylococcus infection. 
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Although the partial dissociation of immune precipitates was first 
reported many years ago and has since been accomplished in a number 
of instances (1) the methods used have been empirical and no rigid 
test could be made of the yield or purity of the recovered antibody 
until the recent development of absolute, quantitative methods for the 
determination of precipitins (2-4) and agglutinins (5). Felton has 
since stated that Types I and H pneumococcus specific precipitates, 
dissolved with calcium or strontium hydroxide and treated with phos- 
phate to precipitate the polysaccharide, yield antibody which is pre- 
cipitable by the homologous specific polysaccharide to the extent of 
80 to 85 per cent (6). 

In a paper from this laboratory it was shown that increasing con- 
centrations of sodium chloride resulted in a progressive decrease in the 
amount of antibody nitrogen precipitated by the specific polysac- 
charide of Type III pneumococcus (S HI) from homologous antisera 
(7), and that this decrease was reflected by a diminution in both con- 
stants of the equation (8) describing the behavior of the serum: 

R2 

mg. antibody N precipitated = 2RS S* 

A 

It was also shown that the decrease was not due to increased solubility 
of the precipitate but to a shift in the reaction equilibrium by which a 
given amount of S IH combines with less antibody in the presence of 

* The work reported in this communication was carried out under the Harkness 
Research Fund of the Presbyterian Hospital. 
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tubes were washed once with 5 ml. of chilled saline, and were used after centrifuga- 
tion in the cold. In these and in the S III series 5 ml. of the appropriate buffer 
or salt solution were added. After incubation at the temperature indicated, with 
frequent stirring, the tubes were centrifuged and the nitrogen in the supernatants 
was determined by the micro Kjeldahl method, deducting the small amount in a 
control sample extracted with 0.9 per cent sodium chloride solution. 

The pH measurements were made with the glass electrode,^ The pH 3.95 
solution was a phthalate buffer prepared according to Clark, ^ while the pH, 
8.96, 9.84, and 11 buffers were borate solutions, prepared according to Clark.'* 
The concentration of the pH 3.73 buffer, which contained 24.5 gm. crystalline 
sodium acetate, 48.5 gm. glacial acetic acid and 48.0 gm. sodium chloride per 
liter, was molar in respect to both sodium and acetate. 

Equilibrium was probably reached rapidly in the extractions, as a second 
treatment with the same solvent rarely yielded much more nitrogen than did the 
control tube with 0.9 per cent saline. Precipitates from which considerable 
amounts of nitrogen had been extracted were, however, more gelatinous than at the 
start, and this possibly contributed to the smaller effect of a second extraction. 
In many instances it was necessary’- to filter the supernatant through a small 
IMunktell No. IF paper in order to remove suspended particles. 

2. Dissociation of Specific Precipitates with Strong Sodium Chloride Solution . — 
10 to 50 ml. of specific antipneumococcus serum or Felton antibody solution 
(11) were chilled, diluted with 2 to 3 volumes of chilled 0.9 per cent saline, and 
precipitated with an amount of homologous specific polysaccharide (12) calculated 
to bring the system to the beginning of the equivalence zone (8) or to leave a small 
amount of antibody. After the precipitate had flocked, the mixture was cen- 
trifuged in the cold and the precipitate evenly suspended and washed with 10 to 
50 ml. portions of chilled saline until the amount of heat coagulable protein ex- 
tracted was at a minimum. The residue was then evenly suspended in a volume 
of 10, 15, or 20 per cent (gm. per 100 ml. solution) sodium chloride solution equal 
to that of the original serum and immersed in a water bath at about 30°, with 
frequent stirring. After 1 hour the mixture was centrifuged and the supernatant 
filtered through a small Munktell IF filter paper if necessary to remove suspended 
particles. The solution, which was generally water dear, was dialyzed in the cold 
in cellophane tubing against repeated changes of 0.9 per cent salt solution until 
these gave the same interferometer® reading as did a control sample of the salt 
solution used. In general the dialyzed solutions from the 10 per cent salt extrac- 
tions remained dear, while small amounts of precipitate settled from the 15 per cent 


2 By Mr. F. Rosebury^ of the Department of Biological Chemistry. 

® Clark (13), page 200, pH 4. 

^ Clark (13), pages 208 and 209. 

® Purchased through a grant from the Bache Fund of the National Academy 
of Sciences. 
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salt extracts and larger precipitates from the 20 per cent salt extracts, owing, 
doubtless, to the actual solvent action of salt solutions of tliis strength super- 
imposed on their effect of shifting the S-antibody equilibrium. The IS per cent 
salt solution was used in most instances. The rabbit anlipneumococcus extracts 
were usually dialyzed under negative pressure in order to reduce the final volume. 
This was desirable in connection with the analytical control of the solutions, 
owdng to the appreciable solubility of rabbit S-anti-S precipitates. At the end of 
the dialysis the solutions were centrifuged if necessaiy, preserved by the addition 
of 1 per cent by volume of 1 per cent merthiolate solution, and used for analysis 
after 24 hours, after centrifugation to remove any additional precipitate caused 
•by the merthiolate. 

Analyses for precipitin nitrogen were made according to References 2, 3, and 4 
by addition of a slight excess of homologous S to duplicate 2 to 5 ml. portions of 
the chilled solution and detemiination of the amount of nitrogen in the washed 
precipitate after 48 hours in the cold. Since the total nitrogen in the supernatants 
was extremely low, one washing with 3 ml. of chilled saline was considered suffi- 
cient. Blank tubes w'ere run under the same conditions with the same amount of 
antibody solution and micro Kjeldahl determinations were run separately on the 
supernatants (plus washings) of the blank tubes and the generally negligible 
residues,® the sum of the two giving the total nitrogen of the antibody solution. 
In the case of S I the small amount of S I nitrogen precipitated was deducted from 
the total nitrogen precipitated in order to give antibody nitrogen. As large aliquot 
portions as possible of the supernatants from the precipitin determinations were 
analyzed for agglutinin nitrogen according to Reference 5, by addition to a meas- 
ured volume of a suspension of homologous t)q)e specific pneumococci, and deter- 
mination of the increase in nitrogen over that in the pneumococcus suspension 
alone after centrifugation and washing once. It was also possible to analyze ffie 
supernatants from the centrifuged pneumococci for nitrogen and determine 
agglutinin N by difference. Both methods of analysis gave the same result in the 
case in which a comparison was made. Control determinations on Type I and 
Type III pneumococci with as much as 1 ml. of undiluted normal horse serum 
showed no absorption of nonspecific nitrogen, while the small amount taken up by 
the Type II suspension was deducted from the agglutinin nitrogen actually deter- 
mined in the Type II antibody supernatant. 

The analytical data are summarized in Table II. Values are also given in the 
table for the amount of antibody nitrogen taken, the amount and percentage 
recovered, and the percentage of the total nitrogen in the recovered solutions 
accounted for as antibody nitrogen. In the case of antisera the precipitin content 
was taken as “antibody,” since it had been shown for Type I antipneumococcus 

® These residues, when present, appeared to be due to the film of antibody 
protein remaining in tlie pipette and generally appeared only after pipettes were 
refilled. The small amount of nitrogen thus precipitated was deducted from the 
precipitable nitrogen found. 
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sera that the anticarbohydrate precipitin and agglutinin content arc identical 
(14). In both Felton antibody solutions (c/. also 14) and in those now reported, 
a portion of tlie antibody could only be recovered as agglutinin. 

In the first scries of experiments summarized in Table II, 64 ml. of a Type I 
antipneumococcus Felton solution, B 79, containing 2.22 mg. of total N and 1.09 
mg. of N precipiUble by S I, per ml., were diluted and precipitated at 0® with 8 mg. 
of S I. The washed precipitate was first treated with 15 per cent sodium chloride 
solution and the recovered antibody designated 79 A. After analysis the solution 
was run through a Chamberland L 2 filter and again analyzed (79 Ai) . The specific 
precipitate remaining after the salt extraction was washed in the cold with 25 
ml. of water, centrifuged in the cold, and then evenly suspended at 0° in 30 ml. 
of unabsorbed New York State Type I antipneumococcus horse serum 444^ con- 
taining 1.92 mg. of anti-S I N per ml. After letting stand in the refrigerator over- 
night, the mixture was centrifuged in the cold and the first 50 ml. of 0.9 per cent 
saline washings were added to the supernatant serum. After an additional 
washing the precipitate was extracted for 1 hour at 30° with 30 ml. of 15 per cent 
saline. The extract (79 B) was dialyzed as described above and the precipitate 
washed with water and treated again in the same way with the partially exhausted 
serum to yield antibody solutions 79 C and D. The remaining precipitate was 
then dissociated further by means of the method described in the following section. 
The various solutions obtained are numbered 1 to 5 in Table II to indicate suc- 
cessive treatments of the same precipitate. 

The Type II specific precipitate used was derived from the pooled serum of 
horses which had been immunized simultaneously to Types I and 11 pneumo- 
cocci by addition of somewhat less S II to the unabsorbed serum than was cal- 
culated as necessary to remove all of the antibody. After thorough washing 
equal portions of this precipitate were dissociated with 15 per cent (portion A) 
and 20 per cent (portion B) salt solution. Data on the recovered antibody solu- 
tions are given in Table II. The surprising observation was made that these 
solutions contained much anti-S I as well as anti-S II, a point which will be taken 
up in the discussion. 

In the case of Type III antipneumococcus specific precipitates from antisera 
obtained from the horse, the recovered antibody solutions were of a considerably 
lower degree of purity than in the case of Types I and II, and also contained 
relatively less precipitin and more agglutinin. Efforts will be made to improve 
on these results. Preparation 792 B was derived^ from absorbed whole serum, 
while 792 C was prepared from a Felton solution made from the same serum. 
Type in antipneumococcus rabbit sera, however, readily yielded antibody solu- 
tions of which over 90 per cent of the nitrogen was immune nitrogen. It will be 
noted throughout that regardless of the type of antiserum, there is no advantage 
in starting with partially purified antibody, such as Felton solutions. 

3. Dissociation of Type I and TypelllS-Anti-S PrecipUates by Means of Barium 


Kindly supplied by Dr. Augustus B. Wadsworth. 
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cipitated in the egg albumin-antibody reaction was almost the same 
in strong or weak sodium chloride solutions, while in the S-anti-S 
system far less antibody was precipitated in the presence of strong 
salt. On the other hand, the egg albumin precipitates proved to be 
more sensitive than S-anti-S to the action of acid (pH 4) or relatively 


TABLE I 

Effect of Hydrogen Ion and Salt Concentration on Amount of Antibody Nitrogen 
Extracted from Specific Precipitates 
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Temperature of ex- 
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0 

ft 
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0 
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S.2 

-S 

eg 
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10 per cent NaCl 
solution 

IS per cent NaCl 
solution 

20 per cent NaCl I 

solution 

mg. 

degrees 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 


Pneumococcus Type HE Antibody Solution, B 66, Horse 



0,55 

0, 3 hrs. 

0.00 


0.01 

0.03 

0.06 





1 

28.5-30 







0.35 

0.43 

0.47 

Pneumococcus Type IH Antiserum, 3.50 

1, 1:2, Rabbit 



1.2 

21 


0.26 




0.11 

0.19 



1.1 

28-30 







0.40 

0.44 

0,43 


Anti-Egg Albumin Serum, 3.882, 1 : 

L, Rabbit 




1.8 

0, 2 hrs. 

0.35t 


0.03 

0.07 

0.34 





0.62 (series A) 

21-22 

0.13§ 



0-08 

0.35 





0.16 (series B) 

21-22 

0.08 



0.06 

0.16 





0.88 

22-23 


0.46! 




0.03 

0.04 



0.81 

28-30 







0.06 

0.05 

0.04 


* In Ea-anti-Ea system only, 

f Calculated from quantities of components used. 

t Second and tMrd extractions removed 0.13 and 0,03 mg. N. 

§ Extraction at pH 10 after removal of N extractable at pH 4 failed to increase 
the amount extracted, nor did changing to pH 4 after 2 extractions at pH 11. 
11 A second extraction removed 0,04 mg. N. 

strong alkaline (pH 11) buffers. In the pH 4 buffer, at least, the 
effect was mainly one of solvent action, rather than a shift in the 
proportions of the components, since neutralization of the solution 
resulted in precipitation. WTien the anti-egg albumin was fractionally 
precipitated and the two fractions were tested separately with the 
buffers, the second fraction (Table I, series B) was found far more 
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The five Type I pneumococcus antibody solutions given in the 
table were obtained by successive dissociations of a single S-anti"S 
precipitate. Between all dissociations except the last two this pre- 
was used again for the removal of additional quantities of 
antibody from an unabsorbed whole serum. After the fourth dis- 
sociation, which yielded relativel}' little antibody, an additional 
amount, of exceptionally high purity, was recovered by the barium 
method described in the experimental part. If this portion is con- 
sidered as derived from the original precipitate 44 per cent of the 
precipitin in the Felton antibody solution used for its formation was 
recovered, as well as 26 per cent of the antibody in the serum used for 
the second, third, and fourth absorptions. After these absorptions 
59 per cent of the precipitin content was still present in the serum. 
Attempts will be made to improve on the yields of recovered antibody. 

Although one of the recovered Type I solutions may be said to be 
95 to 100 per cent pure antibody within the limits of error of the 
anal5rtical methods used, it is apparent that even the simple procedure 
used in this and the other cases has resulted in a slight change in the 
properties of the antibody. Thus it has been shown that anticarbo- 
hydrate in Type I antipneumococcus sera is entirely precipitable by 
the homologous specific polysaccharide (14), while the anticarbo- 
drate in Felton solutions (14, 17), as well as in the more lughly purified 
solutions now reported, is in part recoverable only as agglutinin. 

In the experiments on the recovery of antibody from an S Il-anti-S 
precipitate obtained from a combined Type I, 11 antipneumococcus 
horse serum, the surprising discovery was made that the recovered 
solution, although prepared from a precipitate formed by addition of 
S II (12) to the serum, contained significant amounts of antibody to 
the specific polysaccharide of Type I pneumococcus. Since Types I 
and II anticarbohydrate do not cross react with the heterologous 
polysaccharides when tested separately, it is believed that the cross 
reaction in the combined serum is another instance (cf., for example, 
16) in which the antibody in question contains too few reactive group- 
ings in its molecule to take part by itself in the building up of aggre- 
gates large enough to precipitate, but may add to an aggregate in 
process of formation between antigen (or hapten) and antibody which 
are multivalent with respect to each other. The alternative explana- 
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The authors wish again to express their thanks to Dr. Torsten 
Teorell, with whose assistance many of the observations (7) were 
made which led to the present work. 

SUMMARY 

1. Quantitative data are given on the effect of changes in hydrogen 
ion concentration and of salt solutions of high concentration on certain 
immune precipitates obtained at lower salt concentration. 

2. Advantage is taken of the shift in reaction equilibrium brought 
about by the salt in the case of pneumococcus carbohydrate-anti- 
carbohydrate precipitates to enable the preparation, in a single step 
from imconcentrated serum, of antibody solutions in which up to 93 
per cent of the total nitrogen is immune nitrogen. The method per- 
mits successive absorptions of a serum to be made with the same 
specific precipitate. 

3. A modification of Felton’s alkaline earth hydroxide dissociation 
procedure is proposed which yields highly purified antibody with 
precipitates which have been subjected to several successive salt 
dissociations. 
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SURVIVAL OF THE VIRUS OF POLIOMYELITIS IN THE 
ORAL AND NASAL SECRETION OF 
CONVALESCENTS* 

By S. D. KRAMER, M.D., A. E. SOBEL, Ph.D., L. H. GROSSMAN, 

AND B. HOSKWITH 

{From the Laboratories of the Infantile Paralysis Commission of the Long Island 
College of Medicine, and the Jewish Hospital, Brooklyn, New York) 

(Received for publication, May 5, 1936) 

Certain epidemiologic concepts of poliomyelitis still rest on very 
sparse data. The detection of the virus in the oral and nasal secretions 
and tissues of living human beings is necessary to substantiate some of 
these concepts. In that category belong the detection of a carrier in 
the normal healthy population to account for the widespread im- 
munity to poliomyelitis (1) and the detection of the virus in the nasal 
secretions of the so called mild characteristic illness of Paul and Trask 
(2), occurring in close proximity to frank cases of the disease. The 
data presented below attempt to answer a similar, though perhaps a 
somewhat more practical epidemiologic question, namely, how long 
does the virus of poliomyelitis persist in the nasal and oral secretions 
after the onset of the disease? 

The munber of times the virus has been isolated from the oral and 
nasal cavities of human beings, is very small. In a recent publication 
Paul, Trask and Webster (3) review the literature and estimate that 
the virus has been isolated 13 times from the nasal and oral secretions 
and tonsils of living human beings. Of these, 8 positive results were 
obtained from patients during or prior to the acute stage of the disease; 
only 2 from convalescents, one 17 days (4) and a second 4 months (5) 
after the onset of illness; 2 (6, 7) from healthy contacts, and one (1) 
from the tonsils and adenoids of a child without any history of contact 
with a case. 

*This work is supported by grants from the Rockefeller Foundation, the 
Friedsam Foundation, and by a grant from the President’s Birthday Ball Com- 
mission for Infantile Paralysis Research. 
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cc. of sterile distilled water was introduced by means of a soft rubber catheter 
passed into one nostril, and the nostril gently compressed against the catheter to 
prevent back flow and leakage. The water was slowly forced through the catheter 
with a 50 cc, s}Tringe. With the paUent lying prone, and the head held somewhat 
to one side, little difficulty was encountered in obtaining the return of most of 
the water introduced. The flow from the opposite nostril and the mouth of the 
patient was caught in a sterile pus basin. 

The amount of the washing was measured, 10 per cent of anesthetic ether added, 
well shaken for 5 to 10 minutes and left overnight in the ice chest. The following 
day the washing was placed in a specially prepared sterile glass container, as 
shown in Text-fig. 1, and attached by glass seal to a vacuum system. The con- 
tainers were then dipped in an acetone-COa mixture until frozen solid, and des- 
iccation accomplished by means of a hi-vac pump in series with a mercury pump. 

Throughout the period of desiccation, the w'ashings w^ere kept frozen. While 
no accurate check was made of the exact temperature of the frozen material, the 
vacuum reading on a McCleod gauge varied from 0.03 to 0.001 mm. of pressure 
after all the ether had been volatilized. From 4 to 6 hours were required to re- 



duce the volume of the washings to 1 cc. or less. The container was then sealed 
off under vacuum. The concentrated material was removed by breaking one of 
the sealed ends and poured off aseptically into a test tube. The mucoid material 
adhering to the sides of the container was emulsified with a little sterile distilled 
water by rubbing a sterile pipette gently along the sides of the container. The 
total amount, usually 2 to 4 cc., was then inoculated intracerebrally into a normal 
animal, a small portion being retained for culture. The cultures (aerobic) were 
sterile on blood plates and in broth and there was no instance of brain abscess, 

A series of controls were included. These consisted of from 0.05 to 0.2 cc. of 
5 per cent suspension of stock virus, diluted to 50 cc. with sterile water and treated 
with ether and desiccated in the same manner as the washings. Our technique 
was considered adequate when these controls yielded positive takes in test animals 
in at least 3 consecutive desiccations (Table I). 

20 nasal wasMngs including 2 from physicians in charge of the 
patients and 3 second or repeat washings of children were studied 
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suspension of cord was used throughout. 
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diagnosis of poliomyelitis, but were not tj^pical of the experimental disease. We 
have thus far been unsuccessful in obtaining a positive take from either of these 
cords. The remaining 5 animals continued to show unusual fluctuations in tem- 
perature, but ultimately returned to normal temperature and vigor. These ani- 
mals were bled from 1 to 2 months after the disappearance of the suggestive symp- 
toms or temperature elevations, and neutralization tests were done. The serums 
of 4 of the 5 animals failed to neutralize small doses of the stock virus. The fifth 
animal, monkey Jl-03, neutralized the virus on two separate occasions. 

The nasal washings inoculated into this animal came from a 6 year old child, 

I.F., 43 days after the onset of illness. Since the virus was not actually isolated 
and subjected to passage, the presence of neutralizing substance in the serum of 
this monkey Gl-03) can be considered only as presumptive evidence of the pres- 
ence of the poliomyelitis virus in the nasal secretion of this child. It is interesting 
to note that a second case appeared in this family. I.F., the child referred to 
above, became ill on Sept. 22, 1935, and within 3 days developed definite paralysis. 
A younger child (R.F., 4 years old) became ill with the disease on Oct. 11, 1935. 
Nasal washings taken from this second child yielded a negative result. 

SUMMARY 

The positive detection of the virus of poliomyelitis in the nasal 
secretions of 2 children, 16 and 13 days after the onset of the disease, 
is described. 7 animals which had been inoculated with other concen- 
trates became iU with symptoms and temperature elevations suggestive 
of poliomyelitis, from 1 to 3 weeks following inoculation, but without 
definite paralysis. In 2 of these animals which were sacrificed, the 
histologic findings were compatible with the diagnosis of poliomyelitis 
but were not t 5 fpical. Of the serums of the 5 remaining animals 4 
failed to neutralize stock virus, whereas the serum of the fifth neutra- 
lized the virus on two different occasions. This senun was obtained 
from a monkey that had been inoculated with concentrated nasal 
secretions of a child 43 days after the onset of illness. 

It is suggested that the present quarantine period of 3 weeks is 
compatible with the available data. It is further suggested that 
the methods of procedure described may be useful in in- 

vestigations. 
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THE EPIDEMIOLOGY OF LYMPHOCYTIC CHORIO- 
MENINGITIS IN WHITE MICE 

Bv ERICH TRAUB, V.M.D. 

{Frovi the Department of Animal and Plant Pathology of The Rockefeller I nstitute 
for Medical Research, Princeton, N. J .) 

(Received for publication, April 29, 1936) 

Certain phases of an epidemic in a mouse colony due to the virus of 
lymphocytic choriomeningitis have been described in previous papers 
(1, 2), The experiments presented here were undertaken in the 
attempt to trace the origin of the virus and to study the epidemiology 
of the disease in mice. 

So far as we know, the disease had never before been reported in 
white mice. Since mice infected naturally with the virus often show 
no symptoms, the infection is not readily recognized unless intra- 
cerebral inoculations of material are made from diseased to healthy 
mice. Following the work of Theiler on yellow fever such transfers 
have been frequently made within recent years by investigators of 
virus diseases, and yet choriomeningitis virus has apparently not been 
encountered. It may be assumed, therefore, that the disease is not 
widespread in stocks of white mice. Rivers and Scott (3-5) have 
clearly shown that they obtained the virus from two human patients. 
One of them is a stafi member of this Department who had been work- 
ing with mice from the infected stock; the other had had no known con- 
tact with diseased white mice. Armstrong and Dickens (6) have also 
presented evidence suggesting that the virus affects human beings. 
Armstrong and Wooley (7) obtained the virus from a monkey injected 
with poliomyelitis virus. They found some of their stock monkeys to 
be immune to choriomeningitis, and they also detected neutralizing 
antibodies in the blood serum of a caretaker of the monkeys who had 
shown no symptoms suggestive of meningitis. Armstrong and Lillie 
(8), who first described the virus, were not certain whether it had 
originated in man or monkeys.^ 

' At the time this paper was completed a paper by Findlay, Alcock, and Stem 
{Lancet, 1936, 230, 650) reports the detection of the viras in a mouse autopsied in 
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The Epidemiology in the Infected Stock 

The mouse stock in which the disease occurred was built up from 
about 100 breeding mice acquired in 1922 from a dealer in Pennsyl- 
vania. Since then no new mice have been added to the colony. The 
disease was first recognized early in December, 1934. It is not known 
how long it had been present. When, in the course of experiments 
performed in 1933, material was frequently passed from mouse to 
mouse by intracerebral injection, the disease was not observed and 
presumably ivas not present. 

It was estimated that from 40 to 50 per cent of the colony, which 
numbered about 2000 animals, had become infected when the disease 
was recognized. From a few of the uninfected mice a new stock was 
built up which will be referred to as the virus-free stock. 

Some of the infected mice were kept in strict isolation in five cages 
for a study of the epidemic. No new mice were added and no virus 
was introduced. In each cage there were eight to ten female mice of 
different ages, most of them full grown and many pregnant, and one 
male. Young mice born in the cages were removed at the age of 4 to 
5 weeks except those needed as replacements. At times the females 
of a litter were left in the cage for a longer time in order to obtain nnce 
of different ages for the immunity tests. Some of the young mice 
removed were bled by heart puncture and their blood was tested for 
virus to ascertain that the disease was still present. 

The mice in these five cages have been under observation for 9 
months during which time the disease has persisted in all cages without 
change in its character. Symptoms were noted only in young (1 to 6 
week old) mice, and some of these died. The rates of morbidity and 
mortality varied greatly in different litters. The mice of many 
litters never showed symptoms, while in other litters all, or almost all, 
appeared sick and some died. 

In order to determine the rate of infection and the age at which 
infection occurred, mice of different ages were tested for immunity by 
intracerebral inoculation with 0.04 cc. of a virulent 5 per cent mouse 
brain suspension. The results are given in Table I. All mice older 

1934, as well as in the mice from one out of fifteen stocks tested, and in two human 
patients. 
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than 4 weeks were solidly immune. A number of the younger mice 
that were not immune died in typical convulsions 2 to 5 days after the 
test inoculation, that is, after a much shorter incubation period than 
that in control mice from a virus-free stock (6 to 7 days). It is prob- 
able that these mice were already infected and that the injury' of the 
inoculation caused the virus to become localized in their brains. Pre- 
vious observations (1, 2) are in accord with this view. 

The difference between the high rate of infection (100 per cent) 
among the mice of the five cages kept for a study of the epidemic and 

TABLE I 


Restdls of Immunity Tests in Mice of Different Ages from Diseased Stock 


Age of mice 

No. tested 

No. immune 

1-2 wks. 

1 

0 

2 

8 

4 

2-3 “ 

2 

2 

3 

40 

36 

3-4 ‘‘ 

17 

15 

4 

27 

27 

5 “ ' 

7 

7 

6 

17 

17 

7 

7 

7 

8 “ 

2 

2 

2-3 mos. 

1 

1. 

4 

4 

4 

Over 5 “ 

14 

14 


Each mouse was given an intracerebral injection of 0.04 cc. of a 5 per cent sus- 
pension of brain from infected mice. 


that in the infected colony (40 to 50 per cent) is accounted for by the 
fact that in the colony the disease was not present in all breeding 
cages. 

The young from the colony were weaned at the age of 3 to 4 weeks 
and transferred to other cages in which they remained until they were 
given out to the laboratories. Each of these cages contained about 
25 mice which came from different breeding cages. The mice from 
breeding cages in which the disease was not present became infected 
by contact with the mice from infected cages. This is the reason why 
in earlier experiments (1, 2) some 5 week old mice were encountered 
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brains of new bom mice is regarded as an indication of intrauterine infection, be- 
cause the time elapsing between birth and the test was too short for contact infec- 
tion. The details of the experiments are recorded in Table III. 

In the 1st and 2nd experiments the virus content oi the embryo 
suspensions was higher than that of the blood of the mother mouse, a 
fact which indicates that the virus multiplied in the embryos. Intra- 
uterine infection of the embryos occurred in four out of six naturally 
infected pregnant mice which carried virus in the blood. In the 
mouse tested in Experiment 6 no virus had been detected in the blood 
2 weeks before parturition, but at autopsy performed 6 hours after 
parturition a lymphosarcomatous mediastinal tumor was discovered 

TABLE H 

Virus Carriers in Diseased Stock 


Tests for virus in 


Approximate age of mice 

Blood 

Urine 

Nasal wasbings 

No. 

tested 

No. 

positive 

No. 

nega- 

tive 

No. 

tested 

No. 

positive 

No- 

nega- 

tive 

No. 

1 tested 

No. 

positive 

No. 

; nega- 
j live 

2-3 mos. 

3 

3 

0 

2 

B 

0 

2 

2 

0 

About 4 « * 

9 

7 

2 

3 

B 

0 

3 

1 

2 


4 ' 

4 

0 : 

4 

B 

1 

4 

4 

0 

Over 5 ** 

10 

3 

7 

3 

B 

2 

3 

1 

2 


* In one mouse of this group virus was detected in the urine but not in the 
blood or nasal secretions. 


which contained virus. Experiment 8 was made with four experi- 
mentally infected mice from the virus-free stock. The result suggests 
that the passage of the virus through the placenta requires a consider- 
able time. 

The rate of morbidity in litters infected m utero is usually high, 
often amounting to 100 per cent. The mortality varies between 0 
and 60 per cent. The disease is chronic in these mice, and the symp- 
toms, which begin about 1 week after birth and may last for over a 
month, are a greatly decreased rate of growth, emaciation, slow and 
stiff movements, slight somnolence, a ruffled fur, and sometimes 
diarrhea. 
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Several mice which had become infected in utero were bom dead, 
but abortion has not been noted in pregnant carrier mice. 

Infection by Contact with Diseased Jlficc.— Since all mice from the 
infected stock more than 3 to 4 weeks old were immune, it seemed 
possible that infection by contact took place in those mice not in- 
fected in utero. It was known that infected mice discharge virus with 
the urine and nasal secretions. 

Eight experiments on contact infection were carried out with mice 
whose ancestors had been free from the disease for at least 2 or 3 
generations. 

From each mouse to be exposed 0.2 cc. blood was dra\^Ti by heart puncture. 
The blood samples were pooled and defibrinated, and the pooled blood was in- 
jected into a guinea pig (0.2 cc. intracerebrally, the remainder subcutaneously into 
the plantae), with a negative result in all experiments. The litter mates of these 
mice not used in the experiments were tested for immunity by intracerebral inocu- 
lation with virus as additional controls for the exposed mice. They all died of 
typical choriomeningitis. The ages of the exposed mice varied from 3 weeks to 3 
months, and in two experiments mice with newly bom litters were included. The 
mice were exposed by placing each lot in a separate cage with a number of mice 
which had just been inoculated. The routes of inoculation are indicated in Table 
IV. Precautions were taken that the mice which died were not devoured by the 
other mice. 

Two methods were used to determine whether or not the exposed mice had be- 
come infected: They were bled again 3 to 4 weeks after the 1st day of exposure, and 
their pooled blood was injected into a guinea pig as above. If this test was nega- 
tive, it was repeated 8 days later. The mice which survived the bleedings were 
tested for inmumity by intracerebral injection with 0.04 cc. of a 5 per cent mouse 
brain suspension 4 to 5 weeks after the 1st day of exposure. The percentage of 
infected mice was based upon the latter tests. 

Table TV shows that the virus is readily transmitted by contact 
provided the time of exposure is sufficiently long. None of the mice 
infected by contact showed symptoms. 

Another experiment was carried out with a litter of nine mice bom 
in the infected stock from a mother with avirulent blood. Five of 
the young were killed about 12 hours after birth and no vims was de- 
tected in their brains. The remaining young were left with the mother 
and other mice of the same stock. On the 4th day after birth two 
were killed and vims was present in their brains. The remaining two 
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highly and uniformly susceptible to intracerebral injection with virus. 
In these experiments virus was never demonstrated in the blood of the 
37 mice exposed for 3 to 4 weeks to mice of the same strain injected 
intraperitoneally with virus, and all exposed nuce died following the 
intracerebral test injection. 

In another experiment ten mice from the virus-free stock were 
exposed together with ten mice from the Freed stock. The mice were 
bled after the exposure and no virus was present in the pooled blood 
samples from either group. However, all the mice of the first group 
that survived the bleedings became immune, while of the second group 
only two of nine mice were immunized. 

The Portal of Entry in Mice . — ^Preliminary experiments on the mode 
of infection gave the following results: (a) Virus is discharged from 
acutely ill mice and immune carriers with the urine and nasal secre- 
tions (2, 9). {b) Mice failed to become infected by feeding with in- 
fected mouse brain suspension, or by repeated feeding with virulent 
mouse urine given on bread, (c) The dropping of virus into the 
conjunctival sac also failed to infect mice, {d) Virus instilled into the 
nares, however, infected a certain percentage of the mice which did not 
show symptoms as did those infected by contact (2). This evidence 
pointed to the nose as the portal of entry of the virus. 

In each experiment recorded in Table V, five 3 week old white mice from the 
virus-free stock were placed in the same cage with a naturally infected mouse. 
In Experiment 1 the nuce were placed in contact with the carrier mouse 15 de- 
scribed previously (9) 184 days after this animal was removed from the infected 
stock. In a prelmunary experiment this mouse had transmitted the disease to two 
healthy mice. Mouse 15 discharged virus through the nose and urine during the 
present experiment (tests recorded in Table V). In Experiment 2 a mouse was 
used which had carried and discharged virus for at least 4 months. Virus was 
present in the nasal washings taken from this animal shortly before it was placed in 
the same cage with the young mice. The urine was not tested for virus. The 
cages used in the experiments had screen bottoms to eliminate infection through 
urine as far as possible. The exposed mice were bled daily by heart puncture, 
0.15 cc. blood being withdrawn from each mouse. Immediately after the bleeding 
their pooled, defibrinated blood was injected into a guinea pig (0.2 cc. intracere- 
brally, and the remainder subcutaneously into the plantae). Several mice died 
from injury through the heart pmicture (see Table V). Nasal washings also were 
token daily from the exposed mice according to the method described previously 
(9), and the pooled nasal washings were injected subcutaneously into the plantae 
of a guinea pig. 
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bleedings. In its nasal secretions virus was present on at least 2 suc- 
cessive days, but the animal did not become generally infected or 
immune. 

The occurrence of contact infection in spite of the fact that the 
animals were kept on screens suggests that the nasal secretions of 
infected mice are more important in the transmission of the virus than 
the urine. The negative results obtained in two experiments in which 
an attempt was made to infect mice by placing them in cages heavily 
contaminated with virulent urine support this assumption. Additional 
e^^dence for it is the failure of the white mice (in Experiments 2 and 
3, Table V) to become infected when kept in the same cage v/ith 
infected wild mice whose urine was virulent. "WTiite mice and wild 
mice, when kept in the same cage, keep apart from each other during 
the first 3 or 4 weeks and their noses rarely come in contact. ' This 
may be the reason why the white mice failed to become infected. 

The Experimental Disease in the Wild Mouse Mouse {Mus viusculus) 

Since it was possible that our mouse colony had become infected 
through contact vdth wild house mice, many wild mice were trapped 
in the stables and bams of the Institute and their blood was tested for 
virus. 

The blood was drawn by heart puncture (0.3 cc. per mouse) from 
102 mice. The mice were divided in lots of three to twelve animals. 
The blood samples from each lot were pooled and defibrinated and 
then injected into a guinea pig (0.2 cc. intracerebrally, 1 cc. into each 
planta, and the remainder intraperitoneaUy, if there was a large 
amount of blood) . No virus was detected in any of the blood samples. 
Some of the mice which survived the heart puncture were used in ex- 
periments on contact infection immediately after the bleeding. 

Another group of 45 wild mice was tested for immunity by intracere- 
bral injection with 0.04 cc. of a virulent 5 per cent mouse brain sus- 
pension. Of these mice 40 died in 6 to 9 days or were killed when 
presenting typical tremors and clonic-tonic convulsions. Five mice 
showed no symptoms. It is not certain whether they contracted a 
subclinical infection, or were specifically immune, or naturally resistant. 
Blood drawn from four of them 1 month after the injection contained 
virus. In another experiment three wild mice were injected intra- 
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peritoneally with virus. They showed no symptoms. Their im- 
munity was tested by intracerebral injection with virus given 38 days 
later. Pooled serum obtained from these mice 78 days after the test 
of immunity contained virus. These results indicate that the virus 
may persist after recovery in wild mice also and render the absence of 
virus from the blood of the 102 mice all the more significant. 

Contact Infection in Wild Mice . — ^For epidemiological reasons it 
was of interest to determine whether wild mice may become infected by 
contact. 

In a preliminary experiment it was found that wild mice injected 
intraperitoneally with virus discharged it with the nasal secretions 
and urine on the 8th day following the inoculation. No tests were 
made on other days. In Experiment 4 (Table VI) the urine and nasal 
washings from the wild mice on the 8th day after the inoculation also 
contained virus. 

Four experiments on contact infection were made. The method 
used was essentially the same as that in the experiments on contact 
infection with white mice. 

In Experiments 2, 3, and 4 (Table VI) some white mice bred from virus-free 
parents were exposed to the infected mice together with the wild ones. The shav- 
ings used as bedding in the cages were not changed until the first bleeding, in which 
0.2 cc. blood was drawn by heart puncture from each mouse. The pooled, 
defibrinated blood was injected into a guinea pig (0.2 cc. intracerebrally and the 
remainder subcutaneously into the plantae). The e.xposed mice were in contact 
with the infected ones until the intracerebral test inoculation (0.04 cc. virulent 1 
per cent mouse brain suspension) which was administered on the 30th to 38th day 
of exposure. All exposed mice, the white and wild ones alike, showed no symp- 
toms before the test injection. 

Table VI gives the details of the experiments. No transmission of 
the virus occurred in the 1st and 2nd experiments, while in the 3rd 
experiment the virus passed to the exposed wild mice, as indicated by 
the positive blood test, but not to the white ones. All the surviving 
exposed mice died following the test of immunity. Since a general 
infection with choriomeningitis produces a solid immunity, it must 
be assumed that the wild mice infected by contact were among those 
which died from injury either following the heart puncture or the 
intracerebral test inoculation. In the 4th experiment all of the wild 
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Experiments on Contact Infection in Wild Mice 
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mice and all of the white mice became infected as shown by the posi- 
tive blood tests and the immunity acquired by the mice. 

The Disease in Guinea Pigs 

Late in January and in February, 1935, three guinea pigs injected 
with equine encephalomyelitis virus developed choriomeningitis. 
This virus was recovered from all three, and each strain was patho- 
logically and immunologically identical with the virus obtained from 
mice. Although proof is lacking, it seems probable that the animals 
did not become infected through the inoculations. 

The guinea pigs were kept in different cages but in the same unit 
with other guinea pigs and about 6 feet away from several cages of 
mice from the infected stock. The disease has not been observed in 
any other guinea pigs in our stock, and every stock guinea pig tested 
thus far has been susceptible, indicating that the three infections 
described were exceptional. 

Infection by Contact in Guinea Pigs 

Of thirteen guinea pigs placed in cages with diseased ones, one con- 
tracted the disease. Transmission of the virus by contact occurred 
accidentally on two occasions when guinea pigs injected with innocuous 
material were kept in the cages with infected guinea pigs. 

The disease in our guinea pigs is not so highly contagious as in our 
white mice. Prolonged contact appears to favor the transmission of 
the virus as in mice. 

Neutralization Tests with Human Sera 

It seemed possible that the mouse colony and three guinea pigs just 
described had become infected in the unit through contact with the 
caretakers. The sera of the three caretakers of this unit, one of whom 
(J. M.) had also taken care of the infected mouse colony for the- past 5 
years, were tested for antivirus. These neutralization tests were, made 
by the method already described (8), by which mixtures of decimal 
dilutions of virus and equal amounts of undiluted serum were injected 
subcutaneously into the plantae of guinea pigs. 

In Table VII the results of the two tests made with J. M.’s serum 
are given. It neutralized about 100 m.i.d. (liiinimal infective doses) 
of virus. 
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In Table YHl neutralization tests are recorded with three samples 
of serum drawn at different times from J. S., a caretaker of the infected 
guinea pigs. It is noteworthy that the serum drawn on March 3, 1935, 


TABLE vn 

NcuiroUzaiion Tests with Scriwi of J . M. 



First test 

Second lest 

Vims 

dflulion 

J.M. 
scrum 
Feb. 4, 
1935 

Normal human sera (controls) 

Normal 
guinea pig 

Immune 
guinea pig 

J.M. 
scrum 
Feb. 4. 
1935 

Normal 
human 
scrum B.T. 
(control) 


B.T. 

E.T, 


(control) 

(control) 

10-1 1 

D IS 

D 14 

D 13 

D 13 

D 14 

D22 

— 

— 

10-2 

— 

— 

j — 

-- 

— 


D 16 

D 16 

10-^ 

0 

D 15 

D22 

D 17 

D 15 ; 

0 

0 

D 16 

10-* 





D 14 


0 

D 16 

10-5 



iBI 


D 17 


0 

F, no S 

10-6 

H 

Hi 

Hi 

^H 

■■ 

Hi 

0 

0 


D 15 = diedinl5days;F - fever; S == typical symptoms followed by recovery; 
0 = no fever, no symptoms; — = not tested. 


TABLE Vm 

Neutralizatioti Tests with Serum of J. S, 


Virus 

dilution 

First test 

Second test 

Third test 

Serum 
of J.S. 
Mar. 5, 
1935 

Human control sera 

h/af.*5. 

1935 

J.S. 

July 

20, 

1935 

G.J. 
(control) 
Feb. 4, 
1935 

J.S. 

Sept. 

16. 

1935 

G.J. 

(control) 
Feb. 4, 
1935 

E.T. 

Feb. 4, 
1935 

GJ. 
Feb. 4, 
1935 

B. 

Mar. 5. 
1935 

E.B. 
Mar. 5, 
1935 

10-1 


D 13 

D 13 


D 14 

D24 

D21 

Severe S 




10-2 

D 18 

D 16 

D 17 

D 4* 

D 14 

D 19 

0 

D 17 

0 

D 14 

10-6 

0 

D 17 

D 17 

D 16 

D 18 

D24 

0 

D17 

0 

Severe S 

10-* 

0 

F, noS 

0 

0 

0 

Severe S 

0 

Severe S 

0 

D 15 

10-6 

0 

0 

0 

0 

0 


— 

0 

0 

D29 

10-6 

— 


— 

— 

— 

— 

— 

— 

0 

0 


D 18 ~ died in 18 days; F = fever; S = typical symptoms followed by recov- 
ery; 0 = no fever, no symptoms; — = not tested. 

* Died of intercurrent disease. 


had very little neutralizing power, while the serum drawn on July 20 
neutralized 100, and on September 16 at least 1000 of virus. 

Neither J. M. nor J. S. at any tune showed symptoms suggestive of 
meningitis. If they were infected, their disease was subclinical. The 
serum of the third caretaker did not neutralize the virus. 
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pigs which discharge considerable amounts of virus with the nasal 
secretions and urine. With old mice it is also doubtful, because they 
require a rather close contact with infected mice over a relatively 
long time to become infected. In new bom mice, however, contact 
infection occurs more rapidly and probably more easily than in older 
ones, and it may be supposed that the vims gained a foothold in such 
mice, if the caretaker was the source of infection for the mouse stock. 

On the other hand, it is possible that the caretakers became infected 
through contact with the diseased animals. As Rivers and Scott (5) 
pointed out, however, the vims is not readily transmitted from lower 
animals to man. Two workers in our laboratory have handled in- 
fected mice or guinea pigs almost daily for 15 months -without de- 
veloping any anti-vims. 


SUMMARY 

In a mouse colony in which lymphocytic choriomeningitis is endemic 
infection takes place either in utero or shortly after birth. Vims is 
discharged from infected mice -with the nasal secretions and urine. 
In some mice the infection lasts for several months, and such carriers 
can transmit the disease to healthy mice by contact. The portal of 
entry appears to be the nasal mucosa rather than the gastrointestinal 
tract. Mice infected by contact show no definite symptoms while 
those infected in utero often do. The disease has persisted in the 
colony for at least 15 months -without change in its character. Mouse 
stocks differ in their susceptibility to contact infection and the findings 
given in the paper could be reproduced only -with a very susceptible 
stock. Wild mice {Mus musculus) can be infected by contact, al- 
though less easily than our white mice. 

The source of the infection in the colony has not been determined. 
The fact that the serum of the caretaker neutralizes the -vims in- 
dicates that he has been infected. It seems likely that the -vims 
went from him to the mice rather than vice versa. Other possible 
sources of infection are considered. 
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THE COMPLEMENT FIXATION REACTION WITH PNEUMO- 
COCCUS CAPSULAR POLYSACCHARIDE 

By KENNETH GOODNER, Ph.D., and FRANK L, HORSFALL, Jr*, M.D. 

{From the Hospital of The Rochefelkr Institute for Medical Research) 

(Received for publication, May 9, 1936) 

The extreme sensitivity of the complement fixation reaction as 
usually applied in immunology is well recognized. However, certain 
imique findings have been reported with the use of bacterial polysac- 
charides as antigens. For example, Zinsser and Parker (1) found that 
no fixation could be obtained with combinations of pneumococcus 
capsular polysaccharide and specific immune horse sera, although 
complement was bound when the same substances were combined with 
specific immune rabbit sera. Similar results were reported by Pittman 
and Goodner for the specific polysaccharide of Eemophihis influenzae^ 
Type b (2). 

The present experiments constitute a critical survey of this subject 
with especial regard to the general mechanism of the complement 
fixation reaction. It must be appreciated that the use of purified 
specific polysaccharides offers some advantage in that the quantity 
and character of at least one reagent in this most complicated of tests 
can be carefully controlled. 

Materials and Methods 

Complanenl Fixation Test. — The reagents iised -were: fresh guinea pig serum 
(complement), a 5 per cent suspension of washed sheep red blood celk, and the 
serum of a rabbit immunized with sheep red blood cells (amboceptor). Each 
reagent was used in a volume of 0.5 cc. The amboceptor was titrated with 
excess of complement and so diluted that 0.5 cc. contained 2 units. The com- 
plement was titrated against 2 imits of amboceptor. The final volume in each 
tube of the titrations was 1.5 cc. Further details of the methods used in the 
various experiments will be presented with the respective protocols. 

The majority of these experiments have been carried out with the capsular 
polysaccharide (acetyl form) of I Pneumococous. T>T>e-specific anti- 

pneumococcus horse and rabbit sera have possessed equivalent agglutinin and 
precipitin titers. 
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Thus the results suggest that, -within certain limits, the property to 
fix complement is proportional to the quantity of immune precipitate 
formed in the same reaction. 

As a means of testing this hypothesis, quantitative fixation tests 
■were carried out -with three forms of Type I pneumococcus capsular 
polysaccharide; (a) the viscous product described by Heidelberger and 
Kendall (4), (b) the acetyl polysaccharide of Avery and Goebel (5), 
a product -which may be derived from the first mentioned form by 



Units erf complement 


Text-Fig 1. The number of units of complement fixed by varying amounts 
of pneumococcus capsular polysaccharide in combination with specific immune 
rabbit serum diluted 1 :4. 

means of heat, and finally, (c) the deacetylated product -which results 
when the acetyl form is treated -with alkali (5). As sho-wn by Heidel- 
berger and Kendall (4), the capacities of these three forms of the poly- 
saccharide to precipitate immune globulin from specific antipneumo- 
coccus rabbit serum are in this same order. 

The results of the quantitative complement fixation test are shown in Table n. 
It will be noted that with the deacetylated form only 2 units of complement were 
fixed, mth the acetyl form 16 units were fixed, while the -viscous polysaccharide 




204 : 


COMPLEMENT FIXATION 


completely fixed 32 units of complement. The maximum amounts of protein; 
specifically precipitable by these three forms of pol 3 'saccharide are also shown in 
Table II. 

These results are a convincing demonstration that under these con- 
ditions the amount of complement which can be fixed is proportional 
to the amount of immune precipitate formed. 

If one conceives of the precipitin reaction as at least diphasic, that 
is, consisting of a stage of specific union of antigen and antibody fol- 


TABLE n 

Amount of Complement Fixed by Combinations of Immune Rabbit Serum and' 
Various Forms of Type I Capsular Polysaccharide 


Type I polysaccharide 

Specifi- 
cally pre- 
cipitable 
protein 
per cc. of 



Units of complement 




immune 

scrum 

2 1 

4 

8 

16 

32 

64 

Deacetylated polysac- 
charide 

mg. 

1.595 

! 

++++ 

++± 





Acetyl polysaccharide. . 

4.139 

H — 1 — 1 — 1" 





— 

Viscous acetyl poly- 
saccharide of Heidel- 
berger and Kendall. . . 

4.640 

-f-f-f-f- 

-i--) — f--f- 






The complement fixation reactions were carried out with immune rabbit serum 
diluted 1:10 and the various polysaccharides diluted 1:100,000. Complement 
was added immediately after admixture of antiserum and polysaccharide. Pre- 
cipitable protein determinations were carried out after the method of Heidelberger, 
Sia, and Kendall (3). 

lowed by a second stage of flocculation, there arises the question of 
the temporal position of complement fixation in this series of reactions. 

As an approach to this problem, quantitative fixation tests were 
carried out with mixtures which differed only in the time which elapsed 
before the addition of complement. The results of one experiment are 
shown in Table III. It will be noted that, in instances in which the 
addition of complement was made an hour or more after preliminary 
incubation of polysaccharide and specific antibody, only 2 units were 
completely fixed. When, however, the preliminary incubation had 
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occupied only 10 minutes, 8 units were completely fixed. When 
complement was present at the time of admixture of antigen and 
antibody, 32 units were fixed. 

With preliminary incubations of 1 hour or longer, flocculation had 
occurred; in the instance of the 10 minute period no flocculation was 
apparent when complement was added. It is obvious that under these 
circumstances the total surface exposure of immune aggregates had 
diminished with the time of incubation, for the surface presented by 
large floes is much less than that which would be presented by all of 


TABLE ra 

Amount of Complement Fixed with Reference to the Time of Addition of this Reagent 


Conditions 


Units of complement 



2 

4 

8 

16 

32 

A. Polysaccharide 4” serum 4 hrs. 37° 
then complement added* * 

++++ 

+++± 

+ 



B. Polysaccharide -{- serum 1 hr. 37° 
then complement added 

+'+++ 

+++± 

4*4“ 

— 

— 

C. Polysaccharide + serum 10 min, 37° 
then complement added 

++++ 

++++ 

+4* 4*+ 

+++ 

— 

D. Complement added before admix- 
ture of polysaccharide and im- 
mune serum 

++++ 

++++ 

++4-4“ 

++++ 

++++ 


In this experiment all tubes contained equal amounts of Type I antipneumo- 
coccus rabbit serum diluted 1 : 10 and the acetyl polysaccharide diluted 1 : 100,000. 


their component particles, were these evenly suspended. It would 
appear, therefore, that the amount of complement which can be fixed 
is a function of the total surface exposure of the immune aggregates. 

As a further demonstration of this point, advantage was taken of the 
fact that, within certain limits, flocculation is more rapid the smaller 
the diameter of the tube. Quantitative fixation tests were carried 
out in tubes of three different diameters and the resiilts are shown 
in Table TV. It will be noted that in tubes having a diameter of 
0.81 cm. only 4 units of complement were fixed, while in tubes of 
2.40 cm. 16 units were completely fixed. These results can be ex- 
plained only by the fact that in smaller tubes flocculation is rapid and 
consequently the time-surface factor is greatly reduced. 
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A third direct demonstration of this surface phenomenon was ob- 
tained by centrifugation. Mixtures of polysaccharide and antibody 
which had been incubated 1 hour were whirled in the angle centrifuge 
at high speed for 10 minutes. Complement fixation tests were then 
carried out on both the clear supernatant fluid and the resuspended 
precipitates. 


TABLE IV 

The Ainomi of Complement Fixed with Reference to the Speed of Flocculation as 

Conditioned by Tube Diameter 


Tube 

diameter 

Mean 

flocculation 

time 

Units of complement 

2 

4 

8 

16 

32 

64 

i 

cm. 

mm. 







0.81 

21 

++++ 

++++ 



— 

- 

1.26 

33 

++++ 

H — 1 — 1 — h 



++ 

— 

2.40 

43 

++++ 

++++ 



+++ 



All tubes contained equal amounts of specific immune rabbit serum diluted 
1:10 and acetyl polysaccharide diluted 1 : 100,000. 


TABLE V 

Complement Fixation after Centrifugation 


Acctvl 

polysaccharide 

Whole mixture not 
centrifuRed 

Precipitate 

Supernatant 

1:8,000 

++++ 

— 

++++ 

1:32,000 

++++ 

— 

++++ 

1:256,000 

++++ 

— 

+++± 

1:1,024,000 

++++ 

— 

H — 1 — H 


Immune rabbit serum diluted 1:4. Incubated with polysaccharide 1 hour at 
37°C, One set of tubes then centrifuged 10 minutes and the sediment and super- 
natant separated. Sediments thoroughly resuspended in saline. 2 units of 
complement added to each tube. 


The results of one of these experiments are shown in Table V. It will be 
noted that the uncentrifuged mixture gave complete fixation with all dilutions o 
the polysaccharide. None of the resuspended precipitates gave any fixation. On 
the other hand, the property of fixation remained in the supernatant fluid, a - 
though in somewhat reduced amount. In other experiments in which quaniHatt'^^ 
fixation was carried out, this decreased capacity for fixation was clearly demon- 
strated. Thus a combination capable of fixing several units of complement lost a 
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large proportion of this capacity after 10 minute centrifugation, and all of it after 
30 minutes at very high speed. In any instance in which centrifuged combina- 
tions possessed the capacity of fixation this property resided in the clear super- 
natant fluid and not in the precipitate. 

It may be pointed out that centrifugation speeds up the flocculation 
or secondary phase of the precipitin reaction, and in this sense greatly 
reduces the time-surface factor essential to the property of fixation. 

Another question which remains to be answered: Is complement 
fixed by immune combinations in true solution, or rather by aggregates 
in a finely dispersed colloidal state? As an approach to this problem, 
experiments were carried out with certain “synthetic” antigens and 
the corresponding antisera.* THs system consisted of the following 
reagents: (a) aminobenzyl glucoside, (6) the same coupled to chicken 
serum protein, and (c) serum of rabbit immunized to (a) coupled with 
the proteins of horse serum. The azobenzyl-gluco-chicken serum 
antigen has the property of reacting in precipitin tests with the immune 
rabbit serum. This senun, however, gives no visible reaction with 
the imcoupled glucoside. If, however, the glucoside is added to the 
immune serum, the latter loses the capacity of reacting with the 
azobenzyl-gluco-chicken serum antigen, that is, the uncombined gluco- 
side has the capacity of combining with the antibody even though no 
precipitation occurs. (For the details of this phenomenon see Avery 
and Goebel (6).) 

It has been found that complement is fixed only by the combination 
of imm une serum and the azobenzyl-glucose-chicken serum antigen, 
not with the imcoupled glucoside. The evidence of the nature of this 
combination of uncoupled glucoside and immune serum is not sufficient 
to perimt an exact interpretation of the findings with complement 
fixation, but the results suggest that the soluble immune combinations 
are incapable of fixing complement. 

In so far as can now be determined, therefore, complement fixation 
is a phenomenon associated with particulation. It appears to be a 
matter of selective adsorption. 

Inhibitio}i of Complement Fixation by Immune Horse Serum 

Zinsser and Parker (1) not only showed that immune horse serum 
gave no fixation of complement with specific bacterial polysaccharides, 

* Furnished through the courtesy of Dr. Walther F. Goebel. 
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rabbit serum, the reaction was blocked in all instances except one in which the 
amount of immune horse serum was relatively small (tube 5) . 

• It may be pointed out that the immune horse serum was added after 
the reaction between the polysaccharide and rabbit antibody had 
occurred. It is entirely conceivable that the antibodies of the immune 


TABLE vn 



horse serum reacted in some way with the already formed rabbit aggre- 
gates. Thus it might be assumed that the core of the final aggregates 
was composed of rabbit antibody-polysaccharide combination with 
only the surface reoriented by the addition of the horse serum anti- 
bodies, in themselves not capable of bringing about fixation and thus 
transforming potentially active particles of immune precipitate into 
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that during the first incubation period immune aggregates are increas- 
ing in size, so that at the time the immune horse serum is added there 
is an appreciable diminution in surface, and hence the amount of 
immune horse serum need not be as large as the original amount of 
immune rabbit serum, in order to block the reaction. If this hypothe- 
sis were correct, the simultaneous admixture of the reagents should 
give results quantitatively different from those obtained by following 
the usual procedure. 

Table IX shows the results of an experiment in which tlie two sera were mixed 
before the addition of tlie polysaccharide, in comparison with the results of a 
similar experiment in which the immune horse serum was added 30 minutes after 
the admixture of polysaccharide and immune rabbit serum. 

TABLE IX 

Simiillancous Addilioit of the Two Sera 




Immune horse serum 


Immune rabbit 
scrum 

1:10 

1:25 


Added immediately 

Added after 30 min. 

Added immediately ; 


1:5 

-{-+++ 

-f+d- 

H — 1 — 1 — h 

++++ 

1:10 

++++ 

— 

+++ + 

+++ 

1:25 

++ 

— 

++++ 

— 

1:50 

— 

— 

++++ 



Acetyl polysaccharide 1 : 100,000 in all instances. 


The results presented of this experiment demonstrate that, with the simultane- 
ous exposure of the polysaccharide to both sera, the presence of immune horse 
serum did not block fixation except in those instances in which it was present in 
excessive proportions. On the other hand, in the typical inhibition experiment in 
which the immune horse serum was added after an interval of 30 minutes, inhibi- 
tion was obtained when the amount of horse serum was equal to or greater than 
that of the immune rabbit serum. 

Perhaps the most striking experiment in the series presented by 
Zinsser and Parker dealt with the observation that the interfering 
effect of the horse serum could be eliminated by absorption with pneu- 
mococci previously sensitized with immune rabbit serum. The au- 
thors state that the reported experiment was only suggestive and that 
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rep Bated experiments on this point had in general been inconclusive. 
A primary objection to this conception is, of course, the already estab- 
lished fact of the marked specificity of the reaction. If an inhibitor 
exists as such it is undoubtedly an intimate part of the antibody 
molecule and thus its selective removal should be difficult. 

Repeated experiments directed toward the selective absorption of the 
inhibitor substance have been carried out. These have been uniformly unsuccess- 
ful. It is conceivable that absorption of the immune horse serum with pneumo- 
cocci previously sensitized with immune rabbit serum might under proper condi- 
tions result in the partial replacement of the rabbit antibody by the horse antibody 
with the consequent release of the former. Should the rabbit antibody be released 
in an amount equivalent to or greater than that of the remaining horse antibody 
a fixing element might be detected in the supernatant and thus give the impression 
that the inhibitor had been absorbed from the horse serum. However, on the 
basis of our present knowledge regarding equilibria in these systems it is doubtful 
if the concentration of the free rabbit antibody -could reach a point greater than 
that of the free horse antibody. Furthermore, it would seem unlikely that the 
reaction could continue to a point of complete replacement. Even if the reaction 
should reach an equivalent point and thus, in theory, render the supernatant fluid 
potentially active from the point of view of fixation it is extremely doubtful if it 
could be detected by this technique. In our experience the minimum concentra- 
tion of the released antiserum would be of necessity greater than the equivalent of 
a 1 :200 dilution of original immune rabbit serum, since with higher dilutions it is 
extremely diflacult to demonstrate complement fixation. 

For the purpose of detecting smaller amounts of the rabbit antibody, fowls 
were immunized with antipneumococcus rabbit serum. The sera of these immun- 
ized fowls reacted with rabbit serum in dilutions as great as 1 : 100,000. With this 
reagent a large number of experimente have been carried out to demonstrate the 
release of rabbit antibody both from sensitized pneumococci and from immune 
precipitates after these had been treated with homologous immune horse serum. 
These experiments are not reproduced in detail because of their inconclusive 
character. In about one-third of the total number no rabbit protein was detected 
in the supernatant fluid. In another third, including all of the experiments with 
immune precipitates, the controls, untreated with immune horse serum, showed 
traces of free rabbit protein in the supernatant fluid. In a very few instances 
minute amounts of rabbit protein appeared to be released after treatment of 
agglutinates vdth immune horse serum. These quantities were too small to 
possess any actual significance. 


DISCUSSION 

The experiments reported, in this paper support the view that the 
failure to obtain complement fixation with combinations of pneumo- 
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COCCUS capsular polysaccharide and specific immune horse serum is 
.not due to some heterologous inhibitor present in immune horse serum 
•but is to be referred rather to some property of the horse antibody 
itself or , some property of the immune aggregate resulting from the 
union of this antibody and the polysaccharide. It has been somewhat 
generally assumed that the resultant of an immunological reaction of 
antigen and antibody has the property of fixing complement. There 
are, however, instances other than the one cited in which this is not 
true. Certain information on this subject has been assembled in- 
Table X. Pneumococcus proteins, for example, give fixation in both 
horse and rabbit immune sera (7), The M or specific protein frac- 


TABLE X 

Capacities of Certain Bacterial Derivatives to Fix Complement in Combination with 

Specific Precipitating Sera 



Complement 
fixation with 

Bacterial derK^ative 



Pneumococcus protein (7) 

+ 

+ 

M (specific protein) fraction of Streptococcus heviolyticus (8) 

+ 


Pneumococcus capsular polysaccharide (1) * 


— 

Hemophilus iujiuenzac capsular polysaccharide (2) 

"f" 

— 

C or somatic carbohydrate of Pneumococcus (9) 



C or somatic carbohydrate of hemolytic streptococcus (8) 








tion of Streptococcus hemolyticus gives fixation with immune rabbit 
serum (8). The capsular polysaccharides of Pneumococcus and of 
Heniophihts influenzae give fixation only with immune rabbit sera of 
homologous type (2). The C or somatic carbohydrate of the Pneumo- 
coccus fails to give complement fixation with either antipneumococcus 
horse or rabbit serum (9). A similar failure is obtained with the C 
or somatic carbohydrate of Streptococcus hemolyticus and its homol- 
ogous immune rabbit serum (8). It must be emphasized that precipi- 
tation occurred in all of these instances. A properly controlled posi- 
tive complement fixation result, therefore, indicates a specific reaction 
between antigen and antibody, but a failure in complement fixation 
does not necessarily imply the lack of specific combination. 
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It 'would appear from the reports of many workers, particularly 
Heidelberger and Kendall (10), and Boyd and Hooker (11), that each 
molecule of pneumococcus capsular polysaccharide is capable of unit- 
ing -with varjdng numbers of specific antibody molecules. Similarly 
it does not seem improbable that a single polysaccharide molecule 
may unite at one and the same time with antibody molecules of two 
immune sera derived from two animal species. Whether or not this 
assumption is true, the experiments have shown that the results of 
the complement fixation test depend upon which of the two immune 
sera is present in greater amount, and that, •within certain quantitative 
limits, one serum does not inhibit the action of the other pro'viding 
both are introduced at the same time. If, on the other hand, one of 
these sera is added after a definite interval to a system containing the 
other serum and the antigen, one encounters what has been spoken of 
as an inhibition phenomenon. It has been shown that under certain 
quantitative conditions the second serum component predicates the 
result, and that the reaction of inhibition is type-specific and therefore 
directly concerned -with the capacity of the secondarily added antibody 
to unite with exposed but unsaturated linkages of the polysaccharide. 
The results suggest that the effect of the second immune serum is in 
reorientation of the surface composition of the already formed immune 
aggregates. This is based on the fact that the amount of the second 
serum need not be as great as that of the first. 

These deductions with reference to the surface phenomena are also 
supported by the findings as to the amount of complement fixed by 
combinations of immune rabbit sermn and specific polysaccharides. 
Thus in several types of experiments it was shown that greater amounts 
of complement were fixed the greater the surface exposure of the im- 
mune aggregates. Surface exposure in non-static systems of this 
order is obviously an expression of the sums of surfaces over progressive 
time intervals minutely spaced, that is, a true surface-time function, 
but in its simplest conception it is resolved into total surface. 

Moreover, these results support the view that the fixation of comple- 
ment is a phenomenon of selective adsorption. That one typ e of 
aggregate absorbs complement while another fails to do so is curious, 
hut far from umque. A close parallelism is to be found in the fact 
that horse antibody-polysaccharide aggregates adsorb cephalin, while 
aggregates containing rabbit antibody selectively adsorb lecithin (12). 
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ACTIVE IMMUNIZATION OF GUINEA PIGS WITH THE 
VIRUS OF EQUINE ENCEPHALOMYELITIS 

in. Quantitative Studies ot Serum Antivirai. Bodies m Animaxs 
Immunized "with Active and Inactive Virus 

Bv HERALD R. COX, Sc.D., and PETER K. OLITSKY, M.D. 

{From the Laboratories of The Rockefeller Insliiuiefor Medical Research) 

(Received for publication, May 20, 1936) 

In the first paper of this series (1) a basis was constructed for deter- 
mining the minimal amount of untreated active virus of equine 
encephalomyelitis needed for the successful production of resistance in 
guinea pigs to 10’ or 10* intracerebral lethal doses of the virus. In the 
second article (2) we showed that formolized material induced, within 
certain limits, as high a degree of resistance as did untreated active 
virus, and this refractory state was shown not to be due to the action of 
“living” virus as such in the formolized inununizing preparation. 

The results of a study on humoral antibodies in guinea pigs treated 
with known quantities of active virus and of virus inactivated by 
formalin (2) will be described in the present communication. It was 
necessary first to determine the optimal conditions by which the 
presence of serum antiviral bodies could be brought to light; and 
having found the best means for their demonstration, to note any 
difference in content of antibody occurring in the serum of animals 
immunized with active and with inactive virus. The findings served 
to explain certain phases of the mechanism of the resistance developed 
by guinea pigs after injections of formolized inactive virus. 

In early work on equine encephalomyelitis virus, Meyer, Haring, and Howitt 
(3) reported that sera of spontaneously recovered or resistant horses failed to 
neutralize homologous virus, •while those of recovered rabbits, guinea pigs, and 
monkeys neutralized only irregularly. It was later shown that antiviral bodies 
were demonstrable in convalescent animals only when serum -n-as added to low 
multiples of m.i-.d. of virus (4, 5, 6). Howitt (4, 7) recorded more constant pres- 
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TABLE I 

Comparison of the Anitviral Content of Sera of Guinea Pigs Treated with Active 
and with Formotized Virus. Serum-Virus Mixtures Held at 20 
io 22°C- for 15 Minnies before Injection 


Mice survivors after intra- 
cerebral injection of serum- 
virus mixtures 
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bring about immunity against the intracerebral test for resistance 
possessed no significant humoral protective properties. Finally, no 
distinct difference could be seen in antibody content of serum collected 
from guinea pigs treated with active or inactive virus. ■ 

Table 11 summarizes the experiments on the relation of incubation 
to titration of humoral antiviral bodies. Incubation clearly enhanced 
the protective substance in equine encephalomyelitis antisera. Here a 
tenfold increase was demonstrable in all of the imm une sera tested. 
Hence to reveal small amounts of antiviral bodies it is best to incubate 
serum-virus mixtures before animal inoculation. 

SUMMARY AND DISCUSSION 

An analysis of the preceding experiments discloses that antmral 
bodies are demonstrable not at all or in small amounts in the sera of 
guinea pigs injected with a quantity of active virus not sufficient to 
induce immunity against the described intracerebral test for induced 
resistance. However, neutralizing bodies are foimd in irmmme 
animals, although in low concentration, and are regularly manifested 
when serum is added to low multiples of infective doses of virus under 
optimal conditions of time and temperature. Hyperimmune serum, 
on the other hand, reveals a distinct increase in the amoimt of antiviral 
boffies present. 

'* Irrespective of the mode of procedure for revealing neutralizing 
bodies, there does not appear to be any notable difference in the con- 
tent of such bodies in the serum of animals immunized with active 
virus or with formolized vaccine in which active virus could not be 
demonstrated. In other words, the antigenic complexes in active as 
well as in inactive virus produce similar degrees of antibody reaction. 
The formolization of virus tissue suspensions, therefore, can be con- 
sidered as a process whereby the virus is inactivated but the antigen- 
icity of the suspensions is preserved, as is also shown in the preceding 
paper of this series in tests on tissue immunity. In that article is 
described the remarkably high degree of tissue immuni ty which 
results from injections of inactive virus; now we demonstrate that tbig 
resistance is associated with a minimal degree of serum antibody. 

Finally, the question may well be asked, if practically no antiviral 
bodies are demonstrable immediately or soon after mixing immime 
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ACTIVE IMMUNIZATION OF GUINEA PIGS WITH THE 
VIRUS OF EQUINE ENCEPHALOMYELITIS 

IV. Eitect oe Immune Serum on Antigenicity of Active and 

Inactive Virus 

By herald R. COX, Sc.D., and PETER E. OLITSKY, M.D. 

(from the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, May 20, 1936) 

In one of the preceding papers of this series (1) it was shown that 
formolization of tissue suspensions containing the active virus of 
equine encephalomyelitis inactivates the virus. This is reflected by 
the complete loss of infectivity of even large amounts of material after 
inoculation by various routes in guinea pigs and mice (1, 2). Yet 
formolized vaccines induce in these animals a high grade of resistance, 
as evidenced by development of immunity to as much as 1,000 to 
10,000 M.L.D. of virus given intracerebrally. The protection afforded 
compares favorably, within certain linaits, with that evoked by un- 
treated active virus — ^indeed with the same suspensions of active 
virus employed in the preparation of formolized vaccines. In another 
article (3) reference was made to the fact that the antigenic complex 
existing in active as well as in inactive virus produces practically the 
same amount of humoral antiviral bodies. The formolization of 
tissue suspensions of equine encephalomyelitis virus can therefore be 
regarded as a means of inactivating the virus and at the same time of 
preserving the antigenicity of the suspension. 

In this communication a study is presented on the effects of immune 
serum on the antigenic capacity of active and of formolized virus. 

Methods and Materials 

The methods and materials as employed in these experiments, including the 
Eastern strain of equine encephalomyelitis virus, have already been described in 
the preceding paper (3). Since guinea pig hyperimmune serum was found to be 
more potent than ordinary immune serum, the former (Tables I and II, Paper 
in (3)) was used. This serum, under optimal conditions of time and temperature 

223 



IV 


It v»’iU DC O gy^ce to yir«s 

’ I,m..«..e Sen.." „S guinea P^^J'toUwed 

- ^ S' 

in TaUe t 

prompted tis t .pet ate stimmatized .^.g^.. 

immune serum ^elimiua^ pigs • ^.) (1, 4), 

The results oi units of virus fm 

'^Tx 10' »' T? Si™* tSl to *0 "'““"w 

seven of seve . (^idenceofoea _ i^ov/ever, an v virus- 

immunization, tte <^^,000 ived 

„i Vitus to«°Stcex*tal test of > 1,3, n>.i.u. »'^test K 

”=TSeSnd,tltose»«“ y^,,,3S found „„i ptiot 

r«eSSl>utouly;X^rssatelnagteetnent 

induced ) . v,as injected “Ration, but 

obsetvattons ^ ^ ^unese« ^^^^3^3 of »» „btsl 

^enundiwteu jr the ^escribed .gus of 

• e all guinea p S , resistant t ^ concen 

tW ‘t- 33^0/ptevented tbe anttge 
-““rSSStus. inunune -u» tesuU of 

3titnulus of acnve „bb .be aul »< “t 

,Mlsucbepe.atie-«e.e 



HERALD R. COX AND PETER K. OLITSKY 


225 


preventive action of the serum on multiplication of the virus after its 
introduction in the body, thus producing less antigenic substance and 
in turn no resistance on the part of the host. That this is not the 
mode of action can be deduced from the next series of experiments. 
These were planned to determine the results yielded by smaller 

TABLE I 


Guinea Pigs Receiving Hyperivimune Guinea Pig Strum and Active Virns or Active 

Virus Alone 


Quantity of undiluted 
serum in each dose 

M.i.u. of vims in 
each dose 

Animals showing 
fever of 104‘’F, 
or above 

Animals surviving 
\'irus infection 
during immuniza- 
tion period 

Immunity test 

Survivors of an 
intracerebral test of 
>1,000 <10,000 
given Id 
days later 

1 cc. 

3 X 10* 

3/4 

4/4 

0/4 

None 

(C « 

4/4 

1/4 

1/1 

1 cc. 

3 X 10’ ! 

2/4 

4/4 

0/4 

None 

<c <c 

2/4 ! 

3/4 

3/3 

1 CC. 1 

3 X 10* 

0/4 

4/4 

0/4 

None 

Ct {< 

3/4 

2/4 

2/2 

1 cc. 

3 X 105 

2/4 

4/4 

0/4 

None 

ff it 

1/5 

4/5 

4/4 

1 cc. 

3 X 10* 

1/4 

4/4 

0/4 

None 

IC tt 

1/4 

4/4 

1/4 

1 cc. 

3 X 10* 

1/4 

4/4 

0/4 

None 

(( tt 

0/4 

4/4 

0/4 

1 cc. 

None 

0/4 

4/4 

0/4 


Animals were given two courses of serum and virus or virus alone at 7 days’ 
interval. In instances in which semm was used, it was followed an hour later 
by a subcutaneous injection of active virus on the opposite side. Weight of 
animals = 275 to 325 gm. Denominator represents the number of animals in 
each test. 

amounts of serum and to disclose any blocking effect of both diluted 
and undiluted immune serum exerted against virus inactivated by 
formalin. For in the latter material no active virus could be demon- 
strated (1) — hence no probability of its multiplication m vivo — and 
still a sufficient amount of antigenic substance was present to induce 
a high degree of immunity (1). 
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TABLE II 


Vaccination of Guinea Figs with Hypcrinnnunc Guinea Pig Scrum and Active or 

Formolized Virus 


Dilution of semm 


Undiluted 


M.i.u, of virus in each dose 


Formolized vaccine 



3 X 10^ 
3 X 1(P 


3 X 10’ 


Immunity test 

Animals survoving — ' — 

virus infection Animals sur%'iving 

during immuniza- an intracerebral 
tion period test of > 1,000 

<10,000 M.L.D. 
given 20 days later 


3 X 10’ 
3 X 105 


3 X 10’ 
3 X 10= 


3 X 10’ 
3 X 105 


3 X 10’ 
3 X 105 


3 X 10’ 
3 X 105 


3 X 10’ 
3 X 105 


3 X 10’ 
3 X 105 


3 X 10’ 


3 X 10’ 


3 X 10’ 


3 X 10’ 


3 X 10’ 


3 X 10’ 


3 X 10’ 


1:1,024 


3 X 10’ 
3 X 105 


3 X 10’ 
3 X 105 


3 X 10’ 


3 X 10’ 


Animals received two courses of senun and virus at 7 davs’ intpnrai c ' 
injection follo^-ed an hour later by an injection of either active or ' H ™ 

on the opposite side. Weight of animals . 275 to 325 m ™oliaedvinis 
lecdom' 5 ”"<’ of a. intomu™.., streptococcal in- 
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228 IMMUNIZATION WITH ENCEPHALOMYELITIS VIRUS. IV 


From these experiments it is evident that hyperimmune serum in 
sufficient quantity injected shortly before the antigen can prevent or 
block the immunizing action not only of untreated active virus but 
also of formolized inactive virus. Indeed, the preventive action of 
1 cc. of serum is effectively exerted against about 30 million (Table II) 
to 300 million (Table I) infective units of virus; less serum is needed, 
however, to block the antigenic capacity of the smaller amount of 
active agent (300,000 infective units) than of the larger. At this 
point attention is directed to the fact that with the same serum dilu- 
tions, similar results were obtained with formolized vaccine to those 
with 3 X 10® m.i.u. of active virus — the minimal effective immunizing 
dose (Table II). 

Relation to Immunization with Scrum-Virm Combinations . — These 
experiments, taken together with others carried out by Howitt (S), 
whose results have been confirmed by our own observations, also have 
a bearing on the immunization of guinea pigs by means of combinations 
of immune serum and active virus. It should be stressed that both 
materials should be introduced into the animal in certain definite 
proportions if the desired immunity without death from virus infection 
during the period of immunization is to be attained. Thus with the 
particular hyperimmune serum studied (Table II) and with 3 X 10^ 
m.i.u. of virus, the optimal conditions for inducing immunity were 
achieved by employing 1:4 dilution of serum; with 3 X 10® m.i.u., 
1:16 to 1:64 dilutions. Furthermore, the proper dilution of each 
individual immune serum sample should be determined by test with 
each individual quantity of active virus employed. 

Equine encephalomyelitis virus differs in this respect from certain 
other virus agents, such as yellow fever, in which “when the optimal 
amount of immune serum has been ascertained, a wide range of virus 
concentration can be used with success” (6) for immunization. It 
is clear, nevertheless, that formolized vaccines containing inactivated 
equine encephalomyelitis virus could replace injections of combined 
serum and virus for the immunization of guinea pigs with elimmation 
of the necessary, laborious, serum titrations. 

It has been assumed that generally antiserum in neutralized and 
overneutralized suspensions of virus employed for artificial immumza- 
tion of animals, acts to prevent the development of immunity by 
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inhibitmg the multiplication of virus and thus the production of more 
antigen m the bod3L The results of the foregoing experiments show 
that in so far as the encephalomyelitis virus is concerned, the serum 
blocks the development of immunity in the instance in which sus- 
pensions containing inactivated, nonmultipl}dng virus are used as 
immunizing preparations. 

StFMMARV AND DISCUSSION 

A study was undertaken on the effect' in vivo, in the guinea pig, of 
equine encephalomj'elitis virus antiserum upon the antigenic response 
to active, as compared with that to formolized, inactive virus. It was 
found that when animab were given subcutaneously a proper amoimt 
of hyperimmune serum 1 hour before inoculation, in the subcutis, of 
either active or of inactive virus, no immunity was induced against an 
intracerebral test of more than 1,000 and less than 10,000 m.l.d. of 
virus. This preventive power of the serum was lost by its dilution, 
the loss being proportional to the dilution, and, on the other hand, 
more serum was needed to obtain the blocking effect as the quantity 
of virus was increased. "WTien an insufficient amoimt of serum 
was introduced into the animals along with the same quantities of 
active virus or formolized vaccine, a certain number of those receiving 
the untreated virus succumbed to virus infection in the course of the 
inoculations, but the survivors were rendered resistant to the intra- 
cerebral test; all the guinea pigs treated with higher dilutions of serum 
and with formolized material were brought safely to an immune state. 

The point to be stressed then is that antigenic stimuli present in 
untreated active virus and in formolized virus tissue suspensions in 
which no active virus is demonstrable by drastic tests (1) and which 
are wholly noninfective in animals (1), are completely inhibited from 
acting by the use of proper amounts of immune serum. 

The mechanism underlying this preventive power of adequate 
amounts of serum may be explained on the basis of facts deduced in 
preceding papers of this series (1, 3) and in the present article. We 
have shown that 3 X lO’^ m.i.u. of active virus contains a sufficient 
amount of antigen to induce immunitj'- without the necessity of its 
multiplication in the aiumal body. This has been fully established by 
the similar degree of resistance brought about by 3 X m.i.u. of 
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capacity by proper amounts of immune serum might apply to such 
materials which by their very nature do not multiply in the body of the 
host, e.g., toxin and antitoxin. Theobald Smith (8) and later Park 
(9) demonstrated that in mixtures of diphtheria toxin-antitoxin, 
when smaller amounts of immune serum (antitoxm) are used, the 
toxicity of the mixture is retained and immunity results; if the serum 
is increased, toxicity is reduced and immunity occurs irregularly, and 
if more serum is added, no toxicity nor immunity results. This is 
supported by the experiments of Hartley (10) on washed precipitates 
from undemeutralized, neutral, and ovemeutralized mixtures of 
antitoxm and toxin: those derived from undemeutralized material 
are toxic and powerfully antigenic; those from neutralized, atoxic and 
of good antigenic action, and from ovemeutralized, atoxic and of low 
antigenicity. Hartley states, moreover, that the precipitate reactions 
of toxicity and antigenicity bear a close relationship to the nature of 
the mixture from which they are produced. 

There is, therefore, a connection between the preventive reactions 
of the serum on the two forms of vims and of antitoxin on toxin in 
respect to toxicity and antigenicity. Furthermore, the toxin is 
rendered atoxic with retention of immunizing capacity by formalin: 
the production of toxoid or anatoxin (Gleimy and Hopkins (11), 
Ramon (12)) — again a condition related to the effects following 
formolization of the vims. It has, however, been stated that “in an 
i mmu nizing mixture prepared with modified [formolized, but partially 
detoxified] toxin the antitoxm present does not within wide limits 
affect the antigenic power” (Glenny, Hopkins, and Pope (13)). It 
is not known whether a preliminary injection of antitoxic semm could 
have prevented the antigenic power of fully detoxified toxin, that is, 
after the passive imm unity induced by the serum disappears. If a 
preventive action of antitoxic semm could be shown imder these cir- 
cumstances, a remarkable correlation of the reactions of proper 
amounts of antitoxin to toxoid and of proper amoimts of immune 
semm on the vims would be evident. 

Finally, the inhibition of antigenic power of both active and inactive 
vims by immune semm has been demonstrated to apply to the vims 
of equine encephalomyelitis in guinea pigs and no generalizations of 
the application of the phenomenon to other vimses are intended. 
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STUDIES ON THE SUPRARENAL CORTEX 

V. The Influence oe the Corticax Hormone tjron the Excretion 
OE Water and Electrolytes in the 

SUPRARENALECTOMIZED DOG* 

By GEORGE A. HARROP, M.D., WILLIAM M. NICHOLSON, M.D., and 
MARGARET STRAUSS 

iJProm ihe Chemical Divisio?i of the Medical Clinic ^ Johns Hopkins University 
and Hospital, Ballimore) 

(Received for publication, May 5, 1936) 

In previous papers (1) we described some of the physiological 
changes in the suprarenalectomized dog that follow the cessation of 
injections of the cortical hormone. It was shown, as had been re- 
ported by various observers who studied the results of bilateral 
suprarenalectomy (2), that a shock-like condition develops which is 
associated with the features of dehydration, and tenninally with cir- 
culatory collapse. We subsequently reported that almost at once 
after withdrawal of injections of cortical extract from such animals 
there was a marked rise in the excretion of urinary sodium (3). A 
parallelism exists between this sodium loss and the appearance of de- 
hydration, and imdoubtedly these phenomena are closely related. 

The occurrence of an augmented output of urinary sodium in dogs 
following suprarenalectomy was first reported by Loeb and his co- 
workers (4) who earlier described the lowering of the serum sodium 
concentration in patients during the crises of Addison’s disease (5). 
They demonstrated the phenomenon in balance experiments upon 
animals whose urinary output was followed after operative removal of 
the glands, until their death in suprarenal insufl&ciency, and showed 

* A preliminary report of a portion of this paper was published in Froc. Soc. 
Exp, Biol and Med., 1935, 32, 1312. 

Acknowledgment is made of the assistance of Parke, Davis and Co. in supply- 
ing adrenal glands for manufacture of adrenal cortical extract, and of the Upjohn 
Co. for supplies of adrenal cortical extract. 
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arterial or cardiac puncture and collected anaerobically. They were replaced by 
the intravenous injection of equal amounts of normal saline solution. Heparinized 
plasma vras used as previously described. Care was taken to have the plasma 
electrolyte and urea pattern, and the blood concentration, at a constant normal 
level throughout the control period prior to withdrawal of the cortical hormone 
injections. This was assured by estimations made 1 week previous to the begin- 
ning of the control period, on the same constant routine. 

The columns in the tables headed water balance represent the excess or de- 
ficiency of total water intake in relation to total output as measured in the ingested 
food and fluids, and in the excreta, when compared to the control period, during 
w’hich the weight and other factors considered were invariably constant. 

It would be a great advantage if a synthetic diet, constant in composition, 
could be used in metabolic experiments on suprarenalectomized dogs. Unfortu- 
nately, it is extraordinarily difficult to induce such animals regularly, and over 
extended periods, to eat such rations, and particularly, to resume them during 
recovery from cortical insufficiency. We were therefore obliged, after the expendi- 
ture of much effort, to return to the use of lean meat (supplemented with calcium 
phosphate and cod liver oil, or with milk powder, when it was desirable to main- 
tain the animals in calcium balance) as the simplest acceptable food. Each 
sample of meat had to be analyzed separately for its constituents. Nine com- 
plete balance studies have been made, without technical mishaps, the results of 
which are consistent. A number of other incomplete experiments in which vomit- 
ing or diarrhea, or death in insufficiency has resulted, have furnished, so far as 
it could be iised, supplemental and concordant data. 

The methods for chemical analysis have been previously described. The 
samples for sodium determinations (7) as well as for potassium determinations 
have been separately ashed in an electric muffle. Certain analytical details 
w'Diked out with the assistance of Dr. Mary V. Buell render it possible to obtain 
consistent duplicate sodium analyses with an error of 1 per cent or less. The 
potassium method of Shohl and Bennett (8) has been used during the past year, 
and the recent rapid ashing method of Strauss by means of the addition of thorium 
nitrate has also been employed (9). 

The urine specimens for potassium determination in the earlier experiments 
were prepared as follow's: A suitable aliquot of the 24 hour specimen, both urine 
and cage washing, was measured into a 50 cc. pyrex beaker and evaporated to 
1 cc. or less on the water bath. 10 cc. concentrated HNOs w^as added and the 
beaker covered and placed on the water bath for 4 to 7 days. The beaker was 
then uncovered and the sample taken to di3mess. 10 cc, water plus 1 drop phenol- 
phthalein w^as added and the solution was made alkaline with NaOH. The 
alkaline solution was evaporated to dryness (care being taken that this solution 
stayed alkaline while heating so as to drive off all ammonia). A few drops of 
water were added to the residue plus 5 cc. concentrated HNO3 and the solution 
again taken to dryness and transferred quantitatively with water to a volumetric 
flask of suitable volume depending on the potassium concentration. The deter- 



t.e inte^e - 

tioUed at ^ “ ptoseoitliesupta«n^^.^;„„easmg ^^^^sium. 

K"- - 

develops *^o„e, and brfo« aj j^jec- 

e%«bea ox anor^^^ aW ol 

as a result • j^alatory iarlu , resumed. ^ ^ p.^inary excre- 

later effects ^ormoue are g iimnedia , gteutiou, 

ti»“= o£ the tyd= rSosVaa''“'^""f ’ The uiinaty 

^nolpotassl^’^S^Sxhed. d 

Ueh la !lton under the eaete«» “ „„ed, , 

excretion ^ ^se « %,hn the flnl'i '"*“^^S:ed, he several 

early vnthdrawd- andmay, ^i„„ oi the 

iollovnug extr , place ^ induced by ^n^nauied by a 

Sds is usudly ae»»P 

thnes the ieal honu“ue- ^ dhutron o! th ^ad 

injections o£ coit e^en iinimsted «£ 

further loss ol^^^aurs, is dd“\ftTpointe<l *4 ty the io”* 

u,hich g®“f^ed cells. W *^tfency are ehiefiy "“"1“ and chloride. 

volume o£ pa* oiinauffioe^ ^^sodw^ 

vjhereas the loss ^^^^^a^ndpbosP^^.^g piace as a ^,^nuot 

ceff structure, p potassium _ suprarenal msu anorexia- 

The loss d Fniectiom tesuhin^m. 

sumptioT^ of augmented given neither p ^^gtion of 

xepreseut »“t-^hichthean«nal^ ^^g^^ented e 

iXiieiiotmaV fluid 

n^easuietneti f offered- 

daysv/henrtv^ 



0. A. B«moP, mcHoiso,,, and m. smuss 



237 





G. A. HAKROP, W. 


— A 
o o .5 

a « o 

u 

K ^ 
o mu « 

- o ti 

*J u 5 
c . .ti 
O o 
6 u ^ 

'u ^ ^ 

O *.1/1 

&0 O 

o rt a 

O ^ 

'■§ e'C 

a to 
o 

*■ "S' g 

= -i 

i 2 2 a 

; w) ^ 

' 2 I S 

^ g o 
i 2 ^ 

; tn O 

^ ^ u 

i ^ ^ ' 00 
^ 'o ^ C 

5 ^ § 

i, rS 

J' t>. ^-i 

3 2 “ :S 

s S o ^ 

5. O ^ 0 
“ !§ B 
e y 

S o .S ci 


S rt c3 ^ 

° E g 

^ rt g ;? 

o B to 

^ rt 

^ ^ c3 

•J3 

P S « 

^ I « ^ 

^ w to 

^ g oS 


B c P 
S 

^ Is 

. U 


E'v^’5 *> 

•iosl's 
>a •=‘' 



w • 

?l 

20 

1 

lo 

o 

25 

26 

to* 

CO 

to 



t 

lo 

ra 

lO 

VO 



g O ts & 


fO OO O 
to 
^ lo 


+ + + 


c\ in tn 

4- + + 


CS c\ ’ 

^ C<J 1 

O ’ 



CO VO ^ 

to to to 


to VO 

O C'^ O 

‘"i-g 



27-29 16 +15 +6.2 +0.4 -2.5 -1.3 050 

29-Fcb. 1 13.8 8 +102 -2.4 - 4.8 +3.1 +0.5 553 









STRAXJSS 


239 


G. A. HAKB.OP, 


U. NICSOISON, AND M- 


u u 
04^0 
o ^ 

a . -5 
H ^ 

•g CO :3 
5 ^ m 

B-u a 

O rt « 

O ^ 


2-5 b 




•d Q. n- ^ 


►i4 ^ ^ O 1 

•*^ 5 g M 1 

•s -s,^ O- 

~ 3 y ^ ' 

o o S5 

S 6 o 
V ’S 3 »*-< 

•it ^ tfj O 

^ a 

^ -o ^ CO 
S V» ^ C5 

u H '3 5 
.« •“ -ts a 

J ‘3 

, • <=> % 

4 ^ d o ^ 

s 0)'^ S 

W SJ Q> S 

H w '2 ^ 4-» 

lo ^ o 

•2 o .s a 

a x 


5 I ? S M 

-3 ‘a -g -I 1 — ! 

IBs 

^ H o ^ 11 

U o — 

^ j a 

I s « 

^ C5 11 

O ro • \1 

^ Q. CO O 11 

L 

ft> 1 

«^i\ 

U *-i 11 
• *^11 

K « a g 

-^2 a *3 1 

too d 1 

O C4 o o V 

^ §1’- 

H-k el ••-• ■ 


- ^ oo o 

2 r— CO g> 

5 ^ lO 

75 o O 

1^ + + + 

o <0 

O 4 'I'Z 

+ + + + 

" ^ >o 
+ 2 I ' 1 . 

<=r^ 

-; S 6 ri o 

+ 57^ ' 

rt "O ^ ^ 

H lO ^ 


oo o O 
to CO ^ 


2 CO CO 

4-» 1 

U ' ‘ 



H 


ro 'l' « 

2 



V 


“= *^#out. but showed 

t^S^SrSSfrsHris.--- 

^nevertheless ^ ed ^^ption oi the _^,=====^==r=^ 

hormone, and otr res 

^^^^^^evidervt^__^^ I \a|\ g 




V* 

^ O 


\ S: 


Date 




1P35 


cc. 


r"’ 


':E'I 


Jan- 


5-7 




'-----'^ — ^ reierreu - 

T^tion oi hormone 

“'“:Es t "eased so^ pousstatu toss 

!E and 60 = 1 '^’ 

lesuropt'OU’ 



G. A. HAIOIOP, W. il. NICHOLSON, AlH) M. STRAUSS 


241 


extract injections. Experiments have also been carried out in which 
the food intake was constant while the output of potassium and nitro- 
gen was still characteristically increased (Table I c). During the 
recovery phase both the total output and the concentration of potas- 
sium are increased. - 

TABLE ni 

Dog 1-59. Balance experiraent, similar to that shown in Table II except with 
lower salt intake and higher water intake per kilo body w^eight. Diet of 450 gm. 
raw beef vrith 1 gm. sodium chloride and 500 cc. distilled w^ater by stomach tube 
daily. With such a large amount of fluid in proportion to salt intake no diuresis 
is observed and a remarkably constant water balance is noted, although the 
changes in sodium and potassium associated with withdrawal and injection of the 
hormone are clearly observed. 
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discharged if the potassium level throughout all of the body fluids were 
lowered to about the same extent as is its concentration in the plasma. 
A much greater removal of potassium than that ascribable to tissue de- 
struction has been reported in a variety of conditions and the fact is 
quite clearly established. 

The following working hypothesis is proposed to fit together the 
observations thus far established in regard to water, sodium and 
potassium movement during the cycle of cortical insufficiency and 


TABLE TV 

Comparison of the Fotassixm Loss from the Interstitial Fluids with the Total Potassium 
Loss Following Resumption of Cortical Hormone Injeclions 


Experiment 

1 

2 

3 

4 

5 

Apprcndmatc 
sodium loss 
during 48 his. 

after with- 
drawal of cor- 
tical extract 

Approximate 
potassium 
loss during 48 
hrs, after 
resumption 
of cortical 
extract 

Coincidental 
fall in plasma 
potassium 
concentration 
per liter 

1 

Total excretion 
of potassium 
from interstitial 
fluids assuming 

them to repre- 

sent 25 per cent 
of the body 
weight 

Loss of potassium 
in excess of estimated 
potassium loss 
from the interstitial 
fluid 


1 

m.tq, 1 

m.eq. 

m.eq. 

m. eq. 

m. eq. 

la — Dog 1-32 

71.3 

72.3 

6.0 

18.1 

54.2 

Ib— Dog 1-51 

65.0 

49.8 

3.7 

10.7 

39.1 

Ic— Dog 1-57 

63.2 

55.2 

6.9 

23.3 

31,9 

m— Dog 1-59 

70.1 

27.8 

3.9 

8.8 

19.0 


Column 4 indicates the fall in plasma potassium concentration per liter mul- 
tiplied by 25 per cent of the body weight, producing an approsirnation of the 
potassium concentration in the total volume of extracellular fluid. 


Column 5 represents column 2 minus column 4. 

recovery. We assume that the effect of the cortical hormone regulat- 
ing water and salt is exerted upon the renal excretion of potassium 
and sodium. In its absence, under ordinary conditions of salt and 
water intake, sodium is excreted m abnormal amount and potassium 
is retained. During the process of recovery the reverse condition 
occurs; sodium is retained and potassium is excreted until the proper 
plasma levels are restored. Not only is the total potassium increased, 
but its urinaiyf concentration is raised as well. ’ 

We propose further to assume that potassium is present in the cells 
in both a nondiffusible form, which may be in closer chemical or 
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increased sodium and chloride levels in the plasma may be attributed 
which have been described during suprarenal insufficiency in the 
marmot and opossum (15). Early in suprarenal insufficiency there 
appears to be an actual reduction of urea clearance (12)^ which pre- 
cedes both dehydration and fall in blood pressure, occurring within 
a day or two of extract withdrawal. 

The consequences of withdrawal of suprarenal cortical extract in 
the suprarenalectomized dog may be compared to those produced by 
certain diuretic agents. They differ from the effects of diuretin 
diuresis, as reported by Kerpel-Fronius and Butler (14), in which a 
marked excretion of potassium, as well as of sodium, chlorides and 
nitrogen takes place. Loss of potassium is also reported to follow 
the use of acid-producing diuretics in human subjects (16). 

The data herein presented show that hormone withdrawal charac- 
teristically produces a selective loss of urinary sodium and chloride 
without increased urinary withdrawal of nitrogen and potassium, and 
that renal excretion of water in excess of that lost in the control periods 
when the animal is sustained with adequate injections of the cortical 
hormone, is largely conditioned by the requirements of urinary sodium 
excretion. If the water intake is adequate to carry away the sodium, 
no fluid need be withdrawn from the intrinsic body stores. Water loss 
is therefore secondary to loss of salt. On the other hand, the injection 
of cortical extract during insufficiency does often produce diuresis as- 
sociated with the loss of potassium, nitrogen and phosphate, but this 
is accompanied by no characteristic immediate increase in sodium and 
chloride excretion. Again, it is clearly not analogous to the effects of 
the diuretic agents mentioned above. 

The effect of cortical hormone injections upon the urinary excretion 
of potassium in suprarenal insufficiency may be compared to the effect 
of pituitrin upon the excretion of electrolytes in the dog. Stehle (17), 
and McIntyre and Sievers (18), have demonstrated an increased ex- 
cretion of potassium, which was augmented to a much greater degree 

2 Our own studies on urea clearance following withdrawal of extract from the 
suprarenalectomized dog confirm this observation by Loeb (12), as well as the 
rapid return in the clearance following resumption of hormone injections. These 
variations in u^ clearance were noted whUe food intake was unimpaired and 
before changes in the circulation were detectable. 
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tibia, fibula, radius, and ulna was fatty. Litten and Orth (7), Hedinger (11), 
Askanazy (4), and Fabr (8) reported on the adult femur marrow and agreed that 
in the majority of cases the red marrow in this bone is localized in the proximal 
end and that it is unusual to find the proximal end yellow and the distal end red. 
Peabody (9) reported that the marrow of the long bones is normally in greater part 
fatty and hypoplastic as opposed to the active extremely complex marrow of 
vertebrae and flat bones. Williams (28) studied the bone marrow from lumbar 
vertebrae, sternum, and junction of the lower and middle thirds of the humerus, 
femur, and tibia in 100 unselected necropsies in adults, and found that red marrow 
occurs in the long bones in orderly combinations. WTien hyperplasia was present 
in tibia it was also present in femur and humerus; this combination occurred in 
2 cases. In 31 cases hyperplasia was present only in femur and humerus. In 25 
cases hyperplasia was present in humerus alone. 

Horse: Ackerknecht (10) examined the bone marrow of 120 horses of various 
ages and states of nutrition and found that red marrow persisted throughout life 
in the proximal and middle thirds of the femur with some variation in pattern. 
Red marrow was not found except in disease, in the radius, tibia, and more distal 
bones after 3 years of age. In the series of pathological horses the proximal 
epiphysis of tibia contained red marrow 4 times, the distal never. Dog: Oehlbeck, 
Robscheit-Robbins, and Whipple (12) studied the red marrow spread in normal 
dogs and found that in young animals it occupied nearly all the cancellous bone in 
ribs, vertebrae, and long bones. As the dog matured, red marrow occupied aU 
of the cancellous bone in ribs and vertebrae but much less in the long bones, where 
femora and humeri might show a third of the marrow cavity filled with fat instead 
of red marrow, while tibiae, radii, and ulnae were two-thirds fatty. Bock (13) 
stated that the marrow is similar to other great mammals as found in the horse 
( 10 ). 

In the pigeo7tf Muller (14) reported that radius marrow is moderately fatty and 
femur is usually red, and Doan, Cunningham, and Sabin (IS) stated that the bone 
marrow of the radius and ulna in the normal adult pigeon was similar to normal 
mammalian marrow of long bones. 

The present authors sawed the femur and tibia of 17 mature normal 
dogs and found: (a) In all cases there was yellow bone marrow corre- 
sponding to the epiphyses of the femur and tibia bordering on the knee 
joint, {b) Femur: all dogs had red marrow in this bone; in 6 it was 
completely red as far as the knee epiphysis; in 10 there was a yellow 
island of fat occupying the middle third of the femur surrounded by a 
red peripheral bark and with red marrow above and below; in 1 the 
red marrow occupied the proximal third of this bone and all distal 
bones had fatty marrow, (c) Tibia : 1 dog had completely red marrow 
except at the epiphyses; 5 had completely fatty marrow; 8 had red 
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brae have lateral bony processes and contain red marrow. Yellow 
marrow begins in the tail, one or two vertebrae beyond the last truiik 
segment equipped with a lateral process, and extends to the tip in 
adults. The transition is exceedingly sharp, indeed often in the 
proximal end of one vertebra the marrow will be mostly red, while the 
distal end contains mostly fat and all distal vertebral marrows are 
fatty. 

The problem may then be posed: Why is bone marrow in the distal 
region of limbs and tail at a disadvantage from the standpoint of 
formation of blood as compared with marrow in the bones of the body 
tr unk ? 

The sharpness of transition so frequently observed between red and 
yellow marrow suggests that a physical agent is the responsible factor. 
One of the fundamental differences between proximal and distal tis- 
sues is the higher temperature of the former. It has recently been 
shown (29) that the bone marrow participates in the thermal decre- 
ment occurring in the extremities. The following experiments were 
devised to learn if an increase of temperature would affect the distri- 
bution of red and yellow marrow in the extremity. Since the rat tail 
is always fatty after an early age, most of the present experiments were 
done on this structure which was found to serve as an excellent 
indicator for red marrow spread. 

Efecl of an Increase of Temper ahire on the Intact Adult Rat Tail 

One of the simplest methods found to produce a chronic elevation in 
temperature in bone marrow is to denude the skin and surgically 
anastomose the otherwise intact structure to the abdominal wall 
so that the tail is inserted and maintained in the peritoneal cavity 
(Text-fig. 1). 

Series i.— Under ether anesthesia,' 35 albino rats between 27 and 200 days of 
age w'ere operated upon aseptically. The skin of the tail was circumcised at about 
ite middle and the distal skin removed and discarded. A 1 cm. incision was then 
made in the lateral abdominal wall and the denuded tail inserted into the peri- 
toneal cavity and anchored by a suture on either side between a longitudinal tendon 
bundle and the loin muscles. The skin of the tail was then sutured at its cut 
margin to the abdominal incision. No dressing was applied and it was found that 


‘ All operations were performed under ether anesthesia. 
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operative procedure. In each instance, increased hemopoiesis was 
found in the segment of increased temperature as compared with the 
outside loop. In two experiments of the shortest duration the increase 
was slight, but in all the others obvious and unequivocal. More 
striking results were obtained in animals operated on between the ages 
of 27 to 50 days than in the oldest animals. 

Several typical protocols will be given; the initial figures in each case 
signify the laboratory number, the age at the beginning, and the dura- 
tion of the experiment. 

Eat S-78, old rat, 17 days: Inira-ahdominal portion shows wide dilatation of 
blood vessels, increase of protein framework, and slight clumping (-f) of hemo- 
poietic cells in metaphyseal regions. Outside loop: normal vessels, very rarely a 
small cluster of cells is seen. 

Rat 8-85, old rat, 38 days: Inira-ahdominal portion (Fig. 3) shows a much 
greater dilatation of vessels and moderate hemopoiesis (++) with many red and 
white cell precursors, and megacaryocytes as compared with the almost com- 
pletely fatty outside loop. 

Rat 8-88, old rat, 65 days: Inira-ahdominal portion shows much gelatinous 
protein material and vascular dilatation with moderate hemopoiesis (-f-), es- 
pecially in the neighborhood of the metaphyses; the outside loop shows less gelat- 
inous groundwork, slight capillary dilatation, no hemopoiesis. 

Rat 8-98, 28 days, 46 days: Intra-ahdominal portion shows an increase of 
protein framework in the diaphysis, with moderate hemopoiesis (4- + 4-) in the 
metaphyseal areas; outside hop is very fatty and has no hemopoietic foci. 

Rat 8-80, old rat. 111 days, weight 260 gm.: Inira-ahdominal portion shows 
hemopoiesis (4-4-) with many red cell precursors; outside loop contains only normal 
fatty marrow without hemopoiesis. 

Rat B, 27 days, 86 days: Intra-ahdominal porliorif much hemopoiesis (4-4-4-), 
many megacaryocytes, slight vascular dilatation (Fig. 1); outside loop, entirely 
fatty, no sign of hemopoiesis anywhere in the sections (Fig. 2). 

An increase of vascularity, protein framework, and hemopoiesis 
was seen in that portion of the rat’s tail which had been subjected to a 
chronic elevation of temperature, both as compared with the cooler 
outside loop and the normal tail. In most of the outside loop seg- 
ments, the normal fatty marrow of the adult rat tail was seen; in some, 
however, there were observed mcreased framework and vascularity, 
with slight hemopoiesis; in no case did the magnitude of these changes 
approach that of the inside portion. Variations in temperature of the 
outside loop occurred depending on whether a small or large portion 
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rhe epiphyseal spaces are filled with the same tissue and fat has completely 
receded from them. In the diaphysis there is still fat but this has been markedly 
reduced; the vessels are engorged and there are many islands of hemopoietic cells 
but fewer than in the solid bands at the epiphyses. Outside loop: almost com- 
pletely fatty, there are a few scattered clumps of erythropoietic cells in the region 
of the epiphysis (Fig. 5). 

Rat 9-29, 100 days, weight 112 gm., hemoglobin 15 gm.: Splenectomy and 
formation of fixed tail loop Apr, 24, 1935. Hemoglobin 5 gm. on May 3, Rat 
killed May 28, when hemoglobin was 9 gm. In the gross the marrow w’as yellow 
in the outside loop and microscopic examination showed fat with no signs of hemo- 
poiesis. The diaphyseal regions of the intra-ahdominal portion w^ere also yellow, 
but there was a 2 mm. broad band of bright red hemopoietic tissue at each me- 
taphysis. Histologically the bright band was seen to be composed of an uninter- 
rupted sheet of hemopoietic cells. In the diaphysis, the fat cells were interspersed 
with numerous clusters of hemoblasts. 

These experiments show very much more hemopoiesis in the portion 
of the tail which had been situated in the peritoneal cavity than in the 
outside loop. The effect of this operation on the formation of red 
marrow is enhanced by the anemia produced regardless of production 
by hemolysis or blood loss, and in all cases the gross and histological 
picture was unequivocal in demonstrating an increased medullary 
activity in the warmer bone marrow. 

A further control series of 20 normal rats has been studied where 
anemia was produced by cardiac pxmcture, as much as 76 cc. of blood 
being removed in 47 days, and will be presented in a subsequent report. 
In 10 of these animals, red marrow formed in the tail in var3dng 
amounts and in a similar number no changes could be detected in the 
fatty marrow, showing that red marrow can form in the tail of old rats 
under certain conditions, the causes of variation in response being at 
present unknown. Similar variations in response to anemia were 
found in red marrow spread in the extremities of dogs (12) and rabbits 
(32). We wish to emphasize here the greater formation of bone 
marrow in the locus where the temperature had been elevated as com- 
pared with control areas of the tail. 

Free Autogenous Transplanialion of the Rat Tail {and Foot) to a Warmer 

Environment 

At birth and for some 12 hours after, the tail consists of a series of 
vertebral elements interspaced with well developed notochordal re- 
mains; most of the vertebral mass at the poles consists of flattened 
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The tail quickly became adherent to adjacent tissue; at times a 
mesentery was developed in which the delicate vessels supplying it 
were seen; in one instance the experiment failed due to lack of attach- 
ment of the graft which was found as a series of pearly calcified car- 
tilaginous beads devoid of soft tissue. The rats were killed at first 
at 4 day intervals, later weekly and monthly. 

The free grafts otherwise survived and went through in normal time 
relationships the functional changes up to the point of development of 
red marrow; growth occurred and the evidence is presented in x-rays 
(Fig. 6). An important difference was thereafter observed in that 
there was less infiltration of fat, and the red marrow persisted in large 
amounts for at least 1 year, far past the time when it has entirely re- 
ceded in the normal tail position. 

The significant data observed in the development in these free grafts 
may be summarized as follows: 

4 day graft: Hemorrhage was seen in the connective tissue surrounding the 
vertebrae; areas of the cartilage showed impairment of nutrition by staining 
palely but most of the graft was alive and calcified cartilage was seen in the middle 
of the segment. 

8 day graft: There was a size increase in the surrounding connective tissue. 
Small necrotic areas were seen, but occupied proportionately less of the graft than 
at 4 days; the necrosis occurred usually along one side of the graft. The noto- 
chordial remains appeared normal, but were distorted by the cartilage necrosis so 
that they did not occupy the midline. Bone marrow cells infiltrated the center 
of the calcified cartilage as in the normal 6 day tail. A slight amount of bone was 
seen. 

15 day graft: This showed almost complete disappearance of the intervertebral 
disc fibers; in this and all subsequent sections there was resulting fusion of the 
cartilage masses of adjacent vertebrae which in later stages became replaced by 
bone. Extensive hemopoietic bone marrow was found partially infiltrated with 
fat; the cellular bone marrow consisted of nucleated red cells, megacaiyocytes, 
and all other hemoblast precursors. The bone was extensively developed, trabec- 
ulae had appeared. 

24 day graft: In addition to the findings at 15 days no necrotic elements were 
seen. Development of the epiphyses had occurred and these contained slight 
cellular marrow. There were, however, much more extensive deposits of hemo- 
poietic marrow in the main vertebral body, most extensive at the metaphyses, but 
also in the shaft where they were somewhat diluted by fat infiltration. 

60 day graft: The vertebrae were united by bone where there had been carti- 
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After 60 days, a great difference was observed in the hemopoietic bone marrow 
of the graft (Fig. .8) as compared vith the fatty marrow of the normally developed 
foot (Fig. 9). 

Free Transplantation of the Rat Tail to Other Rats in Warm 
and Cooler Ix)ci 

Series 4 . — ^In this experiment 16 litters of rats were used within 6 hours after 
birth, when the tail of each rat was amputated, denuded of skin, and transplanted 
to either the peritoneal cavity or the dorsum of the foot of an adult rat under ether 
anesthesia. Both the mother and another rat were used in each case. It must be 
emphasized that the stock had been greatly inbred in this rat colony. The histo- 
logical results in 35 grafts are reported, 20 to 150 days after transplantation. 

The results may be divided into three groups. Nine grafts, all 
placed in the peritoneal cavity of the mothers, developed exactly like 
•autogenous grafts in this location; they formed -well organized verte- 
brae -with cartilage, bone, and hemopoietic bone marrow which was 
retained in the epiphyses and metaphyseal regions as long as the ex- 
periment lasted. The red marrow (Fig. 10) consisted of erythroid and 
granulocytic elements 'with many megacaryocytes. The diaphysis was 
filled with fat for about one-haU of its extent. Those grafts where 
red marrow formed were characterized by good anatomical organiza- 
tion. Nine grafts, aU implanted in the feet of mothers developed 
equally well and contained completely fatty marrow (Fig. 11) after 5 
months when the abdominal grafts of litter mate origin aU had red 
marrow. 

Five grafts -with equally good cartilage and bone developed a 
decidedly different marrow from these consisting of a diffuse protein 
framework with many similar nonphagocytic mononuclear basophilic 
cells -without differentiation into erythroid or granulocyte cells. 
There was a slight fatty infiltration in this marrow. 

Twelve grafts resembled each other and were quite different from 
the groups just described in that cartilage and calcified cartilage 
formed -with slight or no bone formation. The anatomical organiza- 
tion was poor and epiphyseal cartilage separated by rather large 
masses of fibroblasts was seen where bone marrow is normally present. 
\Vhile some of the cartilage and calcified cartilage was dead (absence 
of cells) much of the graft survived (Fig. 12). In these areas there 
were seen clusters of a very prirmtive myelocj’tic tjqie of marrow ■with 
macrophages, but •without erythroid elements. 
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Referring again to the testis as affected by heat, it may be seen that 
the bone marrow presents a converse situation to this gland. * Under 
physiological conditions a maximal temperature exists for the testis 
and increase beyond this abolishes gametogenesis, whereas in the bone 
marrow a minimal temperature affects hemopoiesis adversely. 

The difference in response to homogenous grafting of rat tails to 
other rats deserves a word of comment. Cartilage apparently was 
always successfully grafted to non-donors, but in many animals further 
differentiation into bone is absent, and poorly^orgariized cartilaginous 
remains with an exceedingly primitive marrow result. If this effect 
is due to tissue cell groups, obviously the defect comes in differentia- 
tion rather than in cartilage growth. 

SUMMARY 

A great difference exists in the adult bone marrow of central bones 
as compared with outI)dng bones of the mammalia and avia, the distal 
bones being at a great disadvantage from the standpoint of blood cell 
production. Several experimental procedures are reported by. which 
this disadvantage is overcome and in consequence fatty marrow of 
outlying bones is replaced by red marrow occurring chiefly at the epi- 
physeal regions, unless a low oxygen stimulus is also provided when 
marrow of the diaphysis becomes involved. A common factor in all 
of the experiments was an elevation of temperature beyond that pre- 
vailing in these distal regions, and it is felt that the evidence warrants 
the opinion that the cause of improvement is thermal. In some ex- 
periments, blood cell formation was increasing while the heat was 
adversely affecting the testis. The experiments permit construction 
of a general theory of fat distribution in bone marrow. 

In certain grafts of precartilage to other rats, normal differentiation 
into bone, cartilage, and marrow occurred, while in others cartilage 
and very small amounts of primitive marrow developed with slight, 
or no bone formation. 'Cartilage was always successfully engrafted. 

The capacity to form sinusoids in bone marrow is determined by 
the nature of the tissue rather than by the ingrowing endothelium. 
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EXPLANATION OF PLATES 

Photographs of sections stained with hematoxylin-eosin. Except in Figs. 8 
and 9, a portion of epiphyseal cartilage (C) is shown to provide comparable loci. 
All specimens were decalcified with 5 per cent HCl, except Figs. 6 and 12. 

Plate 13 

Fig. 1. Rat B, series 1, tail loop operation: Portion of the tail inserted in 
peritoneal cavity for 86 days. X 220. 

Fig. 2. Rat B, series 1, tail loop operation: Outside loop region of the taU of 
same rat as Fig. 1, a completely fatty marrow. X 220. 

Fig. 3. Rat 8-85, series 1, tail loop operation: Portion of the tail inserted in 
peritoneal cavity for 38 days, showing many dilated capillaries and moderate 
hemopoiesis. X 220, 

Fig. 4. Rat 9-40, series 2, tail loop operation in anemia: Portion of the tail 
inserted in peritoneal cavity for 34 days; 31 cc. of blood removed by heart puncture 
in first 14 days after operation. X 310. 

Plate 14 

Fig. 5. Rat 9-40, series 2, tail loop operation in anemia: The outside loop region 
of the same rat as Fig. 4 (short loop). X 390. 

Fig. 6. X-rays of end-results m series 3, follo'v\’ing free transplantation of tail 
to peritoneal cavity with a control specimen QA day) . The x-rays shown were made 
at the same focal tube distance of specimens removed 9 to 100 days after grafting; 
no calcification was present in the control tissue and the development and growth 
of the bony units may be seen. 

Fig. 7. Series 3, autogenous free transplantation of tail to peritoneal cavity 
after 359 days. This rat had been injected with India ink 4 and 2 days before 
necrops>’', and carbon granules can be seen in some of the macrophages. X 640. 
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AN INCREASE IN RETICULO-ENDOTHELIAL CELLS IN 
OUTLYING BONE MARROW CONSEQUENT UPON A 
LOCAL INCREASE IN TEMPERATURE* 

By CHARLES HUGGINS, M.D., and W. J. NOONAN, M.D. 

(From the Department of Surgery, The University of Chicago, Chicago) 

Plates 17 to 19 

(Received for publication, April 20, 1936) 

Methods by which an increase of hemopoiesis in the rat can be 
induced in outlying bones are described in an accompanying paper 
(1). Concomitant with an increase of red marrow in the experiments 
just recorded, there was always found an increased number of cells 
of the reticulo-endothelial system in bone marrow and the present 
communication deals with this increase in a parallel series of experi- 
ments. Wislocki (9) fovmd in normal bone marrow that the dis- 
tribution of carbon particles in the cytoplasm of reticulum cells and 
in the endothelium lining the marrow capillaries coincided closely with 
the normal distribution of hemopoietic tissue. In our work these find- 
ings were confirmed in general and extended to increases of hemopoi- 
etic tissue. 

In the bibliography (2-10) is traced the development of some of the 
present concepts of the series of cells in bone marrow with the peculiar 
capability of ingesting finely divided particulate matter. Stress may 
be laid on two important researches. Ribbert (5) first drew attention 
to the fact that certain endothelium such as the lining of the liver 
sinusoids is quite different physiologically from the lining of capillaries 
supplying most of the structures of the organism, in that sinusoidal 
endothelium is capable of ingesting particulate matter, a property not 
shared with the capillaries supplying muscles, brain, and many other 
structures. A new technique invented by Rous and Beard (11, 12) 

* This investigation vas aided by a grant from the Committee on Scientific 
Research of the American Medical Association and from the Douglas Smith 
Foundation for Medical Research. 
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Air entrapped in the tissue was removed by suction in an evacuated jar when 
clearing was complete. 

RESULTS 


Histological Findings , — 

IMicroscopic examination of the histological sections of bone marrow 
prepared in this way showed carbon accumulations almost exclusively 
in cells of the reticulum and the endothelial lining of the sinusoids. 
Occasionally carbon particles were found in monocytes and poly- 
morphonuclear leucocytes; a rare extracellular mass of carbon could 
be satisfactorily explained as a technical artifact. 

In normal yellow bone marrow in outl)dng bones where no trace of 
blood cell formation could be detected, there were found granular 
carbon deposits in reticulum and sinusoidal endothelium. These 
cells were found sparsely scattered but present in aU yellow bone 
marrow. Otherwise our findings confirmed the observation of 
Wislodd (9) regarding the distribution of these specific phagocytes in 
relation to hemopoietic foci. Wherever hemopoiesis was taking 
place the macrophages were greatly increased in number as compared 
with inactive yellow bone marrow. 

Traitslucenl Specimens , — 

Normal Animals. — K difference was at once apparent in aU mature 
mammals studied in the amount of carbon taken up by the bone 
marrow of central bones of the body as compared with the outlying 
bones of the extremities (limbs and tail). These distal bones of 
normal animals contained little carbon and were transparent; the 
marrow of central bones on the contrary was jet black. 

Rai: At 16 days, all of the bones contained much carbon (Fig. 1); even at this 
age the relative accumulation in the metaphyseal region of the tail is seen. At 
27 and 43 days (Fig. 2) retention in tail metaphyses and feet is still visible. In 
adult rats all of the body vertebrae were jet black as far as the segment distal to 
the last vertebra equipped with a lateral bony process; the tail beyond this point 
was translucent (Fig. 3). Dense carbon masses were seen in all of the bones of 
the adult rat except the tail, hands, and feet, the carbon deposition rather abruptly 
ceasing at ankle and wrist joints with occasionally a few fine deposits in foot 
bones. Cat : In half grown cats, carbon accumulation occurred in the metaphyseal 
regions in the distal portion of the tail. In 4 mature cats the proximal half of 
the tail contained solid black carbon masses in the proximal 8 or 9 tail vertebrae 
while the distal tail was translucent, and in 2 adult cats only the first inch of the 
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STUDIES ON NATURAL IMMUNITY TO PNEUMOCOCCUS 

TYPE m 

n. Certain Distinguishing Properties op Two Strains op 
Pnptumococcgs Type HI Varying in Their Virulence por 

Rabbits, and the Reappearance op These Properties 

Folloiv'ing R— »S Reconversion op Their Respecthe 
Rough Derivati\es 

By morris F. SHAFFER,* Ph-D., JOHN F. ENDERS, Ph-D., axd 
CHAO-JEN ISTJ,* M.D. 

(From the Department of Bacteriology and Immunology, The Harvard Medical 

School, Boston) 

Plate 20 

(Received for publication, May 11, 1936) 

In the foregoing paper (1) it has been shown that while strains of 
Pneumococcus Type III incapable of multiplication at 41®C. are aviru- 
lent for the rabbit, not aU strains able to persist and to grow at this 
temperature are equally lethal for that animal. Two smooth strains 
of the latter group exhibiting a striking disparity in their rabbit viru- 
lence have been studied more closely, and evidence obtained which 
indicates that the variation in virulence among such strains may 
depend at least partly on differences in size of the capsule and the rate 
at which this structure is lost. 

The findings suggested an inquiry as to whether the capsular char- 
acteristics depend on factors which can be varied in the manner in 
which it has been demonstrated by Griffith (2), Dawson (3) and others 
that t>q>e specificity can be altered, or whether the>’’ mi^t be the result 
of more stable physiolo^cal processes, which, although temporarily 
inapparent during existence in the R phase would again reappear im- 
changed on the resumption of the S form, regardless of whether the 

♦ At the time this work was done Dr. Wu held a Travelling Fellowship from the 
Peiping Union Medical School, and Dr. Shafier a Fellowship in the Medical 
Sciences from the National Research Coundl. 
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stiain SV, 0.5 cc. quantities of the antisera used were twice absorbed with the 
deposit from 100 cc, of .0.1 per cent dextrose infusion broth culture, allowing a 
period of exposure to each absorbing dose of 1 hour at 37°C. 0.5 cc. of the antisera 
employed in demonstrating the similarity of old cultures of CH and SV to R 
variants in their agglutinative behavior were absorbed twice with the deposits 
from 20 cc. of 5 and 10 hour dextrose serum broth cultures of CH and the R 
variant respectively. 

Capsule After trial of many of the capsule stains in general use, none of 

which were entirely satisfactory, the following stain was devised. Organisms 
either from culture or the animal body are emulsified on the slide in a drop of 
normal rabbit serum. The air-dried unfixed preparation is .then stained for 1 
minute with an alcoholic solution of methyl violet (to 1 part saturated solution of 
methyl violet in ethyl alcohol filtered through paper is added 1 part of ethyl 
alcohol). The excess stain is shaken off and the slide flooded with an alcoholic 
solution of basic fuchsin (to 1 part saturated solution of basic fuchsin in ethyl 
alcohol filtered through paper is added 4 parts of alcohol). This stain is allowed 
to act for 20 seconds and not longer. The preparation is then washed very 
rapidly in water and immediately blotted dry. 

Method Used in Determining Relative Size of Organisms. — Calibrated Hopkins 
centrifuge tubes were employed, in a method similar to that of Jones and Little (6) 
in their study on increase in shse of bacteria after sensitization with antiserum. 
Using the same cleaned pipette for all determinations, equal volumes (usually 
0.9 cc.) of the various cultures were placed in the Hopkins tubes and centrifuged 
at 2800 R.p.M. for half an hour. The length of the column of bacteria deposited 
was measured to the nearest 0.1 mm. with a square jawed micrometer caliper, 
placing a plane mirror behind tube and caliper to obtain greater accuracy in 
reading. It was found that the ratio between the lengths of bacterial deposits 
determined after centrifuging for half an hour remained practically unchanged, 
even when centrifuging was continued for 45 minutes and 1 hour. Chilled samples 
of the cultures were diluted with a solution of methylene blue (0.1 cc. saturated 
alcoholic solution of the dye in 10 cc. saline) and counted in a bacterial counting 
chamber. The bacteria in 100, 1/400 mm. squares were enumerated. From the 
data thus obtained the relative volumes of equal numbers of organisms of the 
cultures to be compared were calculated. Duplicate determinations made on the 
same day, using the same culture, usually agree closely. Occasionally, measure- 
ments made on different days may show appreciable variation, probably due to the 
inherent difficulty of obtaining identical conditions of growth in different experi- 
ments. In order to minimize such discrepancies, the average of several determina- 
tions at each time interval has been taken. 

Acid Agglutwation. — Dextrose serum broth cultures of varying ages were 
centrifuged and the deposits taken up in sufficient saline to give whenever possible 
approximately the same density of suspension. To 0.25 cc. of a series of buffers 
var>nng from pH 1.1 to pH 6.0 was added 0.1 cc. of suspension. Sorensen’s 
glycocoll-hydrochloric acid buffers were used for the range pH 1.1 to pH 2.3, and 
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strain SV, 0.5 cc. quantities of the antisera used were twice absorbed with the 
deposit from 100 cc. of .0.1 per cent dextrose infusion broth culture, allowing a 
period of exposure to each absorbing dose of 1 hour at 37°C. 0.5 cc. of the antisera 
employed in demonstrating the similarity of old cultures of CH and SV ■ to R 
variants in their agglutinative behavior were absorbed twice with the deposits 
from 20 cc. of 5 and 10 hour dextrose serum broth cultures of CH and the R 
variant respectively. 

Capsule 5/aw.— 'After trial of many of the capsule stains in general use, none of 
which were entirely satisfactory, the following stain was devised. Organisms 
either from culture or the animal body are emulsified on the slide in a drop of 
normal rabbit serum. The air-dried unfixed preparation is then stained for 1 
minute with an alcoholic solution of methyl violet (to 1 part saturated solution of 
methyl violet in ethyl alcohol filtered through paper is added 1 part of ethyl 
alcohol). The excess stain is shaken off and the slide flooded with an alcoholic 
solution of basic fuchsin (to 1 part saturated solution of. basic fuchsin in ethyl 
alcohol filtered through paper is added 4 parts of alcohol). This stain is allowed 
to act for 20 seconds and not longer. The preparation is then washed very 
rapidly in water and immediately blotted dry. 

Method Used in Determining Relative Size of Organisms . — Calibrated Hopkins 
centrifuge tubes were employed, in a method similar to that of Jones and Little (6) 
in their study on increase in size of bacteria after sensitization with antiserum. 
Using the same cleaned pipette for all determinations, equal volumes (usually 
0.9 cc.) of the various cultures were placed in the Hopkins tubes and centrifuged 
at 2800 R.p.M. for half an hour. The length of the column of bacteria deposited 
was measured to the nearest 0.1 mm. with a square jawed micrometer caliper, 
placing a plane mirror behind tube and caliper to obtain greater accuracy in 
reading. It was found that the ratio between the lengths of bacterial deposits 
determined after centrifuging for half an hour remained practically unchanged, 
even when centrifuging was continued for 45 minutes and 1 hour. Chilled samples 
of the cultures were diluted with a solution of methylene blue (0.1 cc. saturated 
alcoholic solution of the dye in 10 cc. saline) and counted in a bacterial counting 
chamber. The bacteria in 100, 1/400 mm. squares were enumerated. From the 
data thus obtained the relative volumes of equal numbers of organisms of the 
cultures to be compared were calculated. Duplicate determinations made on the 
same day, using the same culture, usually agree closely. Occasionally, measure- 
ments made on different days may show appreciable variation, probably due to the 
inherent difficulty of obtaining identical conditions of growth in different experi- 
ments. In order to minimize such discrepancies, the average of several determina- 
tions at each time interval has been taken. 

Acid Agglulwation.--'DextTose serum broth cultures of varying ages were 
centrifuged and the deposits taken up in sufficient saline to give whenever possible 
approximately the same density of suspension. To 0.25 cc. of a series of buffers 
varjnng from pH 1.1 to pH 6.0 was added 0.1 cc. of suspension. Sorensen’s 
glycocoll-hydrochloric acid buffers were used for the range pH 1.1 to pH 2.3, and 



p/,ogocylos» • ^ cocytcs in p,ndcts C^)- concentrate t 

rabbit leucocytes oi iaiusionbrotb eo 

C«andSVtesP|^“;:^„,c«W®^^^ 

10 per ‘;^ur cultures oibomo | ^""^'^frvere observed on ^ ^^^ornes 

against 20^ ttansiers ivete cart cB. colonres^ ^gat. Ab oae 

p"t j;;:tuy trans- 
inoculum- ctrains on 5 P slio'ved^ ,it\nc cultures •.p(i out) m 

cultures ol o ^-^giith tran^ platings- ''^^^\‘^transier single 

oata«aP“'’“ t 

C«K«r»> -"ttdS^a- 

Jioin da-a cultares T^hese (.Tea^ 

Gr^x’ *« 

HereCH-i^k 


M. F. SHAFFER, J. F. ENDERS, AKD C.-J. WO 


285 


of moderate sized granules by SV-R. If rapid transfers of the latter arc carried 
out, it can be induced to grow diffusely; nevertheless, when the diffusely growing 
culture is plated on horse blood agar and again cultivated in broth, the granular 
tjrpe of growth is resumed. The SV-R growth in broth is likewise less luxuriant 
than that of CH-R. 

Growth on Solid Media.— The two smooth strains cannot be differentiated on the 
usual 5 per cent horse blood infusion agar, since both form the large mucoid 
lenticular colonies typical of Pneumococcus Type III. On the neopeptone 
glycerin horse blood agar of Ward and Lyons after 16 hours, the CH colonies 
appear definitely whiter in comparison with the delicate pearl grey of S V. After 44 
or more hours of incubation the flat CH colonies show dull granular surfaces 'with 
multiple small shiny prominences resembling tiny daughter colonies, contrasting 
with the dull smooth surface of SV colonies which is only rarely broken by a small 
papular eminence. The rough variants differ when grown on the latter medium. 
At 20 to 24 hours, CH-R is distinguished by a central portion much rougher in 
appearance than that of SV-R, After 48 hours the CH-R colonies (1.25 mm, 
diameter) are low convex or flat in shape. The surfaces, which fail to reflect the 
light, are covered wth multiple papillae; the edges are smooth. At this time, 
optimal for differentiation, the slightly smaller SV-R colonies (1 mm. diameter) 
are slightly conical in shape, with a finely granular surface and irregular edges. 

Evidence for the Identity of Antigenic Strticture 

Before proceeding further we considered it necessary to obtain evi- 
dence of the antigenic identity of the two strains. To this end, por- 
tions of antisera prepared against CH and SV were absorbed with the 
homologous and heterologous strain. To dilutions of these, as well as 
the unabsorbed sera, formalinized saline suspensions of the two strains 
were added. The results showed that there occurs mutual cross-ab- 
sorption of the agglutinins produced in response to the injection of 
either organism into rabbits. Although this experiment does not 
completely eliminate the possibility of the existence of a distinguishing 
antigen situated deeply within the organism, it indicates at least that 
the more superficial antigenic layers primarily concerned in rendering 
the organism invulnerable to the defenses of the host are identical for 
the two strains. 

Variation hi Size of Capsule during Growth 

The size and character of the CH and SV capsules were studied in stained 
smears during the first 34 hours of growth in broth at 37°C. From an examination 
of the series of photographs of such preparations reproduced in Figs. 1 to 20 it will 
be seen that after 3 to 4 hours incubation both strains possess well developed 
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medium. Accordingly, potentiometric measurements of the hydrogen 
ion concentration were made on the culture medium at frequent inter- 
vals and curves constructed from the data. From Text-fig. 3 it is 
seen that in the CH culture the pH does fall sooner and reaches a 
slightly lower level. That the more rapid loss of capsule does not, 
however, depend on this increased acidity is demonstrated not only by 
the fact that the lowest pH is attained by SV at a time when it still 
possesses large capsules (12 hours), but also by experiments in which 
the reaction of the cultures was maintained at pH 7.2 during the same 
growth period through hourly additions of n/1 NaOH. No difference 
in capsular dimension was noted between smear preparations from the 
alkalinized cultures and untreated controls. Furthermore, experi- 
ments have been performed in which cultures were acidified with 
n/1 HCl to pH 5.4 at a time when the organism possesses abundant 
capsule (after 4 hours incubation for CH; either 4 or 7 hours for SV). 
Smears were then made from time to time during continued incuba- 
tion. It was found that even after 24 hours the acidified cultures had 
not lost their intact well developed capsules while the untreated con- 
trols showed none. Thus the presence of acidity equivalent to that 
developed during growth not only did not dissolve the capsular 
material but appeared to favor its retention. Although we have not 
been able to eliminate other unknown factors in the environment which 
might account for the difference in the rate of capsular loss, we believe 
on the basis of the available evidence that this is an inherent fimction 
of the individual strain. 

Acid Agglutination at Various Periods 

The striking diminution in volume led to the thought that definite 
alteration in the surface of the organisms should take place attendant 
upon the loss of capsular material. Thus substances of different 
chemical composition might be exposed which could shif t the range of 
acid agglutination characteristic of the completely capsulated- organ- 
ism toward that in which clumping of the noncapsulated R variants 
occurs. Such displacement should be observed sooner in the case 
of CH. 

In subjecting this hypothesis to experiment, cultures of CH and SV 
of varying age were centrifuged, resuspended in saline and added to 
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The behavior of strain SV is quite distinct. No change occurs until 
12 hours when an extension of the alkaline end begins which takes 
place at a slower rate than the earlier rise of CH and attains a maxi- 
mum only after 18 hours. Agglutination is found on the extreme acid 
end throughout the entire period of observation but although always 
marked, it may be incomplete in tubes of pH 1.1 to 2.0 after 16 
to 18 hours or more of growth. The pH of the most alkaline buffer 
in which SV agglutinates is somewhat lower than that determined 
for the 4| or 7 hour homologous R form. 

The use of buffers of pH as low as 1.1, which have not usually been 
employed in previous studies of acid agglutination, has revealed 
important differences in the behavior of the two strains. Gillespie 
(9) in his work on the acid agglutination of Pneumococcus Type I and 
III used lactate and acetate buffers ranging from pH 2.4 to pH 5.4 
with cultures of 18 and 42 hours. He noted differences between these 
cultures in the hydrogen ion concentration producing agglutination. 
Hughes (10) also studied the agglutination of 8 hour cultures of typical 
and variant pneumococci in the buffer mixtures of Northrop and De 
Kruif, but observed no clumping of Pneumococcus Type HI below pH 
2.7. Presumably his culture was similar to CH. Sherman and Albus 
(11) found no agglutination of 4 hour cultures of B. coli in buffers of 
pH 3.0 to 4.1 to which the corresponding 24 hour cultures were sus- 
ceptible. 

Although Gillespie found that repeated washing does not ap- 
preciably alter the results, we have observed that with 4§ to 6 hour 
CH cultures or suspensions from the mouse peritoneum, organisms 
washed one or more times with saline no longer agglutinate from pH 1 .1 
to 1.9, while SV organisms even in cultures as old as 16 hours remain 
unaffected by this procedure. 

In all likelihood agglutination occurring from pH 1.1 to pH 2.3 or 
2.6 is due to the material at the exposed surface of the capsule. Since 
the specific polysaccharide is an important constituent of the capsule 
it is not illogical to think that it may be the substance upon which this 
agglutination mainly depends. We have tested a sample of Pneumo- 
coccus Type III specific soluble substance, purified according to the 
procedure of Heidelberger, Goebel and Avery (12), by adding 0.1 cc. 
of an 0,08 per cent solution to a senes of buffer tubes in the same man- 
ner as for acid agglutination. It was found that this SSS was thrown 
out of solution in the buffers of pH 1.1 to pH 1.5. A preparation of the 
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specific carbohydrate purified in a different manner (Homus and 
Enders (13)) precipitated only slightly in this pH range and then only 
after 2 to 3 days. We believe, however, it is the type specific substance 
upon which agglutination under these conditions depends and that the 
loss of the greatest proportion of its capsular substance by CH may 
account for the failure to agglutinate in buffers of pH 1.1 to 1.7 after 10 
hours cultivation, whereas enough individuals of strain SV retain 
sufficient quantity of this material for as long as 20 to 30 hours to 
remain agglutinable in these concentrations of hydrogen ions. 

If the curves for the add agglutination values are compared with 
those shown in Text-fig. 2 it will be evident that the rapid loss in CH 
volmne takes place synchronously with an equally rapid shift in the 
agglutinating range toward a more alkaline pH. Extension of the 
zone of SV agglutination in the direction of increased alkalinity begins 
only when the volume is reduced to an amount equivalent to that of 
CH at the time the latter exhibits an analogous agglutinative shift. 

Agglutination in Type Specific Antiserum and Anti-R Serum 

It seemed reasonable to think that the marked changes in suscepti- 
bility to clumping in buffers as growth proceeds denoted altered phys- 
icochemical properties of the bacterial surface which should be mani- 
fest when antigen was exposed to antibody. In Table I are recorded 
the results of an experiment in which the agglutinative behavior of 
living saline suspensions of both strains at different stages of cxiltiva- 
tion was observed in the presence of anti-t 3 q)e spedfic and anti-R sera. 
They show that 6 hour cultures of CH which agglutinate in the anti- 
Type III pneumococcus serum fail to do so in anti-R serum, while 20 
or 30 hour cultures are agglutinated in the latter serum to approxi- 
mately the same titre as the R form. Nevertheless these older cultures 
are also clumped by type spedfic agglutinin, since absorption of the 
type specific antiserum with R organisms fails to remove this agglu- 
tinin which is completely taken out by a 5 hour culture of CH. Type 
specific agglutination in old cultures appears to be due to the very- 
small quantities of the specific soluble substance too minute to greatly 
affect the zone of acid agglutination, but capable of uniting with 
homologous antibody. Marked reduction in the amount of type 
specific capsular material per organism also may account for the fact 
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but at tMs time a slight increase in phagocytosis is observed which 
becomes greater with further cultivation. In the following paper 
observations concerning the phagocjdosis of these strains by the leu- 
cocytes of the rabbit and mouse have been recorded. We may note 
here, however, that in a system of normal rabbit leucocytes and 
serum, active phagocytosis of both R variants occurred. In one 
experiment the number of cocci from a 6 hour CH-R culture ingested 
by ten polymorphonuclears was 385, while 108 SV-R organisms were 



Text-Fig. 5. Phagocytosis by pol 3 rmotphonuclear leucocytes in normal adult 
human defibrinated blood of Pneumococcus Type HI, strains CH and SV, at 
intervals during growth in broth. 

taken up by the same number of cells. Since in eadi case the leuco- 
cytes appeared to be completely filled with organisms, this difference 
may not represent any greater susceptibility to phagocytosis of CH-R, 
but probably depends on the greater somatic volume per coccus of 
SV-R. 

Reconversion of the R Variants to S Forms 

Employing the method of Griffith, the two R strains possessing the 
characteristics described above were converted to the S form under 
the following conditions: (a) injection into mice of a small quantity of 
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delicate growth. In these studies 36 colonies were tested; two to six colonies were 
selected from the heart’s blood culture of each mouse. 

Surdval of Reconverted, R Variants in the Cold. — We had made the 
observation that under the conditions in which the stock strains were 
maintained (1), strain SV would survive for periods exceeding 18 
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months, while CH under the same conditions died out within 9 months 
to a year. With this in mind, the viability of a selected number of the 
cultures was tested after the cultures in defibrinated rabbit’s blood 
under a vaseline seal had remained in the ice box for 16 months. 
Eight cultures representing the various combinations involving the 
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apparent that in every instance in which the rough variant was ob- 
tained from the rabbit virulent strain and again converted to the 
smooth form, the latter kiUed the rabbit, whatever the means em- 
plo}'ed for accomplishing the transformation. It thus appeared that 
the capacity of the transformed R variant of the rabbit virulent 
strain to produce in small amounts a fatal infection in rabbits was not 
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Phagocytosis in Human Blood of Organisms from 6 Hour Blood Broth Cultures of 
Reconverted and Stock S Strains 
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influenced by the mode of reconversion. We especially wish to 
emphasize the fact that although the vaccine from the rabbit avirulent 
strain affords the necessary stimulus for reversion of R to S, it induces 
no change in the direction of a decreased virulence on the part of the 
reconverted form. 

Of the rabbits injected with cultures representing the smooth forms 
of the R variant derived from the rabbit avirulent strain one animal 
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which it originated. In addition, it may be noted from Table IV that 
this same R variant when injected in large quantity into mice produces 
an S form which is avirulent for the rabbit. Cultures of the CH-R 
variant reconverted in the presence of the homologous smooth vaccine 
were not tested for their rabbit virulence since there was no reason to 
believe that any difference from the parent strain would be observed. 

STOQIARY AND DISC0SSION 

The results which have been presented show that under the condi- 
tions of artificial cultivation at 37°C. definite differences exist between 
two smooth strains of Pneumococcus Type III both of which are 
highly virulent for mice by the intraperitoneal route, but which may 
be sharply distinguished in their virulence for rabbits. These differ- 
ences consist in the size of the fuUy developed intact capsule and the 
interval of time required for its loss. The somewhat smaller capsule 
of the avirulent strain, weU formed and easily demonstrable during 
the early period of growth, diminishes quickly, while the large capsule 
of the strain virulent for rabbits is retained for a considerably longer 
period. Closely correlated with the time at which this reduction of 
capsule occurs is the appearance of changes in the surface properties 
of the bacteria which are revealed by a shifting of the range of acid 
agglutination, susceptibility to clumping in anti-R serum and ingestion 
by normal adult human polymorphonuclear leucocytes and serum. 
Since it has been shown that these alterations as growth continues, 
result in a loss of characteristics which distinguish the strictly type 
specific, fully capsulated pneumococcus and ultimately lead to a state 
temporarily approximating that of the completely avirulent R form, 
and since under the experimental conditions they are inaugurated 
sooner, advance more rapidly and are more complete in the rabbit 
avirulent organism, we believe that they may partly account for 
difference in rabbit virulence of the two strains. In the following 
paper an attempt has therefore been made to correlate this behavior 
in vitro with the events attendant upon inoculation into the ani- 
mal body. 

The studies of Clark and Ruehl (16), Henrici (17), Bayne- Jones and 
Adolph (18) and others have demonstrated a marked increase in the 
size of the bacterial cell associated with the early phases of growth. 
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individual strain and that although temporarily inactive during 
the R state, they are again resumed unaltered upon the transition to 
the S form. They serve also to reemphasize the fact, apparent from 
several studies but perhaps not sufficiently realized, that the R 
variants of the pneumococcus, even though obtained under the same 
conditions from the same type but from different strains, may vary 
definitely in their various attributes. 

Finally, they strongly suggest that the degree of virulence of a given 
strain of a bacterial species may be determined not only by its ability 
to multiply in the environment of the host and to S}Tithesize certain 
substances of definite chemical and antigenic properties, but also by 
the capacity to elaborate these in greater or lesser degree and imder 
the conditions of parasitism within the animal body to maintain them 
in contact with the soma of the cell in such state that they afford an 
efficient barrier to the defensive mechanisms of the host. 

CONCLUSIONS 

1. Certain properties exhibited in culture by two smooth strains of 
Pneumococcus Type HI, one virulent for rabbits and the other rela- 
tively avirulent for these animals, have been studied. No antigenic 
differences between these strains have been revealed by the cross- 
absorption of agglutinins from homologous antisera. 

2. In young cultures the organisms of both strains possess well 
developed capsules. It has been shown, however, by stained prepara- 
tions and measurements of relative volume, that the rabbit avirulent 
strain loses this capsule in dextrose serum broth cultures about 8 hours 
before it disappears in the case of the rabbit virulent organism. 
Snmlar results have been obtained when growth takes place in normal 
rabbit blood or -serum. The rate at which loss of capsule occurs is 
independent of increased acidity attendant on growth. 

3. Loss of capsule in both cases goes pari passu with marked shrink- 
age in volume, alterations in the zone of acid agglutination, suscepti- 
bility to agglutination in anti-R pneiimococcus serum and to phago- 
cytosis. 

4. Because of these changes, older cultures of both strains appear to 
be composed largely of individuals which approximate the avirulent R 
form in respect to size and surface properties. In the rabbit avirulent 
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EXPLANATION OF PLATE 20 

The photographs were made from smears of dextrose serum broth cultures of 
Pneumococcus Type III, strains SV and CH, stained with the alcoholic methyl 
violet-basic fuchsin stain described in the text. Figures to the right of the black 
line are of strain CH, those to the left of strain SV, 

Figs, land 2, Strain SV. 3 hour cxilture. Note completely developed capsule. 

Fig. 3. Strain SV. 4 hour culture. Large intact capsule. 

Fig. 4. Strain CH. 4 hour culture. Large intact capsule. 

Figs. 5 and 6, Strain SV. 6 hour culture. Capsules. 

Figs. 7, 8 and 10. Strain CH. 6 hour ciilture. Note diminished and imperfect 
capsule in the case of certain organisms and its absence in others. 

Fig. 9. Strain SV. 10 hour culture. Large intact capsule. Compare with 
Fig. 15. 

Figs. 11 and 12. Strain CH. 7 hour culture. Note the almost complete 
absence of capsule. 

Figs. 13 and 14. Strain SV. 14 hour culture. Capsules are still present. 

Figs. IS and 16. Strain CH, 10 hour and 14 hour cultures. Complete 
absence of capsules. 

Figs. 17 and 18. Strain SV, 16 hour culture showing in one instance large 
capsule, in others only traces of the structure. 

Figs. 19 and 20. Strain SV. 22 hour culture. Complete absence of capsules. 
Compare with Fig. 15. 
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TTT . COEEHLATIOK OF THE BEH!i\T:OR IN Vl\''0 OF PNEUHOCOCCI 

Type III Varying in Their Virulence for Rabbits 
WITH Certain Differences Obser\te;d in Vitro 


By JOHN F. ENDERS, Ph-D., MORRIS F. SHAFFER,* Ph.D., akd 
CHAO-JEN V.TJ,* M.D. 

{Frmn the Department of Bacteriology and Immunology, The Harvard Medical 

School, Boston) 

Plate 21 

(Received for publication, May 11, 1936) 

In an accompanying paper it has been shown that two strains of 
Pneumococcus Type HI differing in rabbit \'irulence could be dis- 
tinguished in respect to the rate at which the capsule diminished during 
cultivation in various media. Concomitantly with the progressive 
loss of capstdar substance, changes in the surface properties of the 
organisms were demonstrated which ultimately, but after different 
periods, reduced each strain to a state in many respects resembling 
that of the R form. The principal objective of the experiments to be 
presented here was to reveal a relationship between these facts and the 
events which ensue when the organisms are introduced into the 
animal body. 

Materials and Technique 

Strains oj Fneiimocoui. — The two strains of Pneumococcus Tj*pe HE designated 
SV and CH, and the R variant derived from each as described in Paper II were 
used throughout these experiments, as well as a stock R derivative from Pneumo- 
coccus Type I. 

Animals. — In all cases, unless spedhc descriptions are given in the text, albino 
rabbits ranging in weight from 1600 to 2000 gm. and white mice of 15 to 20 grm 
weight were used. 


♦ At the time this work was done Dr. Wu held a Travelling Fellowship from the 
Peiping Union Medical School, and Dr. Shaffer a Fellowship in the iledical 
Sciences from the National Research Council. 
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Techjiiquc Employed in Eslimairng Nujnber oj Viallc Organisms in Various 
Tissues,— At intervals after intravenous infection of rabbits, portions of the 
various organs were removed and their weight detennined to the nearest milhgram, 
then ground for about 10 minutes in a mortar containing sterile sand. To Ae 
tissue sufficient sterile broth was added to give a 1/50 suspension, from which 
serial dilutions 'were then prepared, and 0.1 cc. portions plated according to the 
method used for ciilturing the blood. 

EXPERIMENTAL 

The Correlation of Capsule with the Initial Clearing of the Organis7ns 
from the Blood Stream 

Following the intravenous inoculation of 12 to 14 hour broth cultures into 
rabbitts, Tillett (3) has demonstrated a difference in the behavior of rabbit virulent 
and aviruient strains of Pneumococcus Type III. The organisms of the former 
strain either remained in the blood stream in large numbers or underwent a certain 
degree of initial removal. After a stationary period, they began to increase 
steadily, followed by the death of the animal. On the other hand, with the a:viru- 
lent strains the numbers in the blood rapidly underwent a marked reduction with 
a subsequent moderate increase after several hours. Thereafter, a low fluctuating 
degree of bacteremia was maintained for 4 or 5 days, followed by recovery. In the 
experiments which follow, we have employed the same method, except that more 
exact estimates of the numbers of organisms present in the blood were obtained in 
studying the rate at which removal of the rabbit virulent strain SV and the rabbit 
aviruient strain CH took place when cultures of various ages were injected. The 
results, when broth ailtures of the age (12 to 14 hours) employed by Tillett were 
injected, agree in general with his. When, however, still older broth cultures, or 
young, encapsulated organisms or '^animal” bacteria were introduced into the 
blood stream, a very different type of initial e limin ation curve was secured. In 
Text-figs. 1 and 2 are presented two series of curves obtained by plotting the 
logarithms of the number of organisms of strains CH and SV per cubic centimeter 
of blood at different intervals during the period immediately subsequent to 
infection. Each curve represents the course of the bacteremia in a rabbit in- 
oculated with one of the following: a culture of varying age, mouse peritoneal 
washings or the blood of an infected rabbit taken shortly before death. The 
experimental data used in drawing the curves, as well as additional material, are 
presented in Tables I and II. It will be seen that the organisms derived from the 
animal body (mouse peritoneum or blood from an infected rabbit) or from very 
young (3 hour broth) cultures of strain CH remain in large numbers in the blood 
during the fct 4 hours of experiment. The aging of the CH culture during 
artificial cultivation, however, very rapidly induces a change in the organism which 
is reflected in the increased rate of removal from the blood. Thus, the numbers 
of a 4 J hour broth culture are reduced about one hundredfold within 40 minutes. 
After 5 hours growth in broth, the organisms have become so altered that at the 
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examination of Text-fig. 2 and Table II mil show nevertheless that it 
is not until cultivation has proceeded for from 20 to 25 hours that much 
immediate clearing of the blood stream occurs. Even the cocci of a 
16 hour and in some cases those of a 20 hour broth culture are for the 
greatest part still in a condition to resist the mechanism of the host, 
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which is remarkably efficient in removing the organisms in a 25 or 30 
hour culture. 

If these results be compared with the data recorded in Paper I con- 
cerning the relative times at which capsular diminution and loss 
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determine whether ingestion by these cells leads to the destruction of 
both strains, or whether in one the bacteria may be killed and in the 
other survive and increase within these cells. 

Counts were made of the viable bacteria in suspensions prepared from weighed 
portions of the organs from a series of rabbits killed at various intervals ranging 
from 10 minutes to 8 hours after intravenous infection. The counts were com- 
pared with those obtained from blood removed immediately before death. Rab- 
bits were injected with the centrifuged suspensions from 30 to 40 cc. of blood broth 
cultures of the two strains taken up in a small quantity of sterile broth. 12^ to 
15 hour cultures of strain CH and 15 hour and 28 hour cultures of strain SV were 
employed. In each case, the blood was cultured within to 2 minutes following 
inoculation and again just before the animals were killed by a sharp blow over the 
occiput. 

From the data obtained in representative experiments assembled in 
Table IV, it is evident that when there is only a slight diminution in the 
numbers of organisms in the circulating blood during the interval be- 
tween injection and death, the ratio obtained by dividing the bacterial 
count for 1 gm. of liver, spleen or lung by that for 1 cc. of blood drawn 
immediately before the animal was killed is small, indicating that the 
organisms cultured from the organ sample are chiefly in the contained 
blood. This is exemplified by the rabbit injected with IS hour SV 
organisms and killed within 10 minutes. When, however, a large 
decrease in the number of organisms occurs in the blood, as is apparent 
with the animals inocxdated with a 28 hour culture of SV or a 15 hour 
culture of CH, and killed after 10 minutes, this ratio markedly in- 
creases, reflecting the accumulation of bacteria in the phagocytic cells 
of these organs. If the time of death be postponed for from 2 to 4 
hours, the ratios obtained with 13 hour CH and 28 hour SV cultures 
again diminish and are roughly of the same magnitudes as those found 
for 15 hour SV. We believe therefore that in these animals killed 
from 2 to 4 hours after injection, which show low ratios, the organisms 
cultivated from the organs in greater part at least were present in the 
contained blood, and that those which had been taken up by the 
fixed tissue phagoc}i:es were destroyed during this period. 

Additional evident for this view is found in the results of similar experiments, 
not presented in detail, in which ratios were recorded for 13 hour CH, when the 
animals were sacrificed after 40 minutes and 1 hour subsequent to injection, that 
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cells of certain organs, the majority are thereafter destroyed within 
about 2 hours. There is no evidence indicating any capacity on the 
part of the rabbit virulent strain to resist the bactericidal action of 
these cells once the integrity of the capsule has been impaired and an 
intracellular position has been assumed. 

Phagocytosis by Polymorphomichar Leucocytes 

Tillett, in his studies on the immunity of rabbits to smooth Type 
in pneumococcus, failed to find evidence for the phagocytosis of this 
organism by polymorphonuclear leucocytes, whether or not it was 
virulent for these animals. He employed a method involving the use 


TABEE V 

Phagocytosis of CS and SV of Varying Age by the Normal Polymorphonuclear Cells 
and Serum of Rabbits and Mice 


Source of cells 
and sennn 

Strain 

Age of culture 

Average No. of 
cocci per 10 cells 

Cells containing 
organisms 

No. cells counted 



hrs^ 


per cenl 


Rabbit A 

i CH 

6 

5.1 

\ 9-0 

200 


1 SV 

6 

0.04 

0.02 

500 


CH 

16 

87.0 

86.0 

50 


SV 

16 

13.7 

30.0 

100 

ISIousc A 

CH 

22 

69.0 

81.0 

300 

Mouse B 

CH 

22 

11.2 

33.0 

262 

Mouse C 

CH 

22 

30.0 

55.0 

250 


of a vital stain and direct observation of mixtures of serum, leucocytes 
and bacteria on a warm stage. His failures, together with our obser- 
vations noted above of occasional cocci in this type of leucocytes in 
sections of tissues, prompted a further investigation of tbi^ phenomenon. 

Suspensions of strains CH and SV from dextrose serum broth cultures of vary- 
ing ages were added to mixtures of the exudative leucocytes and the defibrinated 
blood of normal rabbits, and rotated in sealed tubes at 38.5°C. Smears of the 
contents were made after J/g hour and counts of the organisms within poly- 
morphonuclear leucocytes carried out. These, summarized in Table V, clearly 
demonstrate a considerable ability on the part of the rabbit leucocytes to ingest 
both strains, provided cultures of a sufficient age are employed. As was found 
when they were exposed to the action of human defibrinated blood (<f. Paper II), 
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the mouse are capable of taking up considerable numbers of both the rabbit 
virulent and avirulent organisms. Young cultures of the latter are much more 
resistant to phagocytosis, although it is evident that a small proportion of even 
hour culture of this strain may be ingested, while 4i and 6 hour cultures of 
strain SV appear to be completely resistant. After a growth period of 12 hours, 
strain CH exhibits marked susceptibility to phagocytic attack, contrasting in this 
respect with the behavior of SV organisms of the same age, some of which, never- 
theless, have now become definitely vulnerable. Although in certain instances, 
cocci were observed witlun large mononuclear cells, the majority were found in 
polymorphonuclear leucocytes. 

These experiments serve to emphasize the importance of the re- 
lationship between the conditions at the surface of the organism at the 


TABLE VI 

Phagocytosis of Strains CH and SV by Polymorphonuclear Leucocytes in the 
Peritoneal Cavity of Mice 


Stram 

Age of 
culture 

Average 
No. of 
cocci per 

10 cells 

Cells 

coutaining 

orgamsms 

No. 

counted 

Remarks 


hrx. 


Per cent 



CH 


1 0.8 

2 

SO 


SV 

m 

0.0 

0 

1 8 

50 

1 

; Further exainination of preparation sboived no 

1 phagocytosis 

CH 

6 1 

2.25 



Capsules on most extracellular coed 

SV 

6 

0.0 ! 

■EH 


Capsules on most extracellular coed 

CH 

12 

92.0 

H 


Some coed in large moaonudears — ^majority in poly- 
morphs. No capsules on majority of extracellular 
coed 

SV 

12 

11.0 

■ 

50 

Phagocytosis observed only in polymorphs. Cap- 
sules on most extracellular coed 


time it is introduced into the body and the capacity of the local 
defensive mechanism of the host to attack it. 

Z. In the Rabbit. — Singer and Adler (5), in their studies on the immunity of the 
rabbit against Pneumococcus Type m, failed to observe any phagotytosis by 
polymorphonuclear leucocytes in pleural exudates. These authors, noting the 
presence of pneumococci ■within endothelial cells not only in the pleural ca-vity 
but in bone marrow and elsewhere, concluded that their elimination from the 
rabbit was exclusively dependent upon the phagocytic properties of the cells of the 
reticulo-endothelial system. Since there appeared to be a discrepancy between 
their findings and our demonstration of definite phagocytosis of both strains 
CH and SV by rabbit polymorphonudears in vitro and by analogous cells in the 
peritoneum of the mouse, it became of interest to repeat the experiments of Singer 
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TABLE VII 

Phagocytosis of Pneumococcus III within the Pleural Cavity of the Rabbit 


Time Strain CH 

after 

Strain SV 

infection 1 

at which 1 . . h 

ro. organisms 

Remarks on mtcrosaipic 1 

organisms 

exudate 1 Remarks on microscopic 

per 1 cc. of 
exudate 

examination of stained 

per 1 cc, of 

with- craraination of stained exudate 
drawn | 

exudate 

exudate 

min, 1 




17 1 Marked phagocytosis by poly- ; 

J X 10® 

Considerable phagocytosis — 

Confluent 

morphs and mononuclears. 


more by mononudears than 

growth 

1 Moderate numbers of extra- 


by poljunorpbs but definite 

from 0.005 

1 cellular coed 


in latter. Small numbers 
extracdlular noncapsulated 

cc. 

1 


coed 


hrs, 1 




1 1 Only 2 polirmorphs and 2 mono- 

4 X 10* 

Only a few organisms seen 

Confluent 

I nudears seen with ingested 


outside cells; none within. 

growth 

1 coed. Very few pneumo- 


Evidence of beginning cn- 

from 0.005 

1 coed seen extracellularly 


capsulation 

cc. 

2 1 Practically no evidence of 

2 X 10® 

No phagocytosis noted. Mark- 

1 X 10® 

1 phagocytosis. Extracellular 


ed increase in number of 


1 coed infrequent. Those seen 


extracellular organisms 


1 had small capsules 


which have large capsules 


7M 1 A few cocci In poliunorphs and 

Confluent 

No phagocytosis. Large num- 

Confluent 

1 mononudears. Many extra- 

growth on 

bers of extracellular coed 

growth 

1 cellular encapsulated coed in 

plating 0.01 

in chains having huge cap- 

from 0.02 cc. 

1 short chains 

cc. of ex- 
udate 

sules 


21H 1 Marked phagocytosis by poly- 

9 X 10® 

A few cood in mononudears; 

1.3 X 10® 

1 morphs. Extracellular or- 


none in polymorphs, hlod- 


1 ganisms numerous 


crate numbers extracellular 
capsulated coed seen | 


27 1 Failed to obtain exudate 


No phagocytosis noted. ' 

Confluent 

1 


Numerous extracellular cn- 

growth 



capsulated organisms 

from 0.001 

45 1 Very marked phagocytosis by 

3.5 X 10’ 

Some phagocytosis by mono- 

cc« 

1.5 X 10® 

polymorphs and monocytes. 


nudears and to a lesser 


1 Intracellular organisms stain 


degree by polymorphs. 


1 best by Gram and jioorly by 


Numerous extracellular en- 


1 WrighL Indication of be- 
1 ginning digestion? Very few 

1 extracellular coed 


capsulated organisms 


47H 1 Extensive phagocytosis; about 

1 X io< 

No definite phagocytosis. 

Confluent 

1 30 to 40 per cent of poly- 


Large numbers of heavily 

growth 

1 morphs contain coed. As 


capsulated, extracdlular or- 

from 0.001 

1 many as 10 to 20 may be seen 


ganisms. Animal died at 

cc. 

1 in one cell. Gram stain 
1 better than Wright. Very 
! few extracdlular cocci 


this time 


70H 1 Less phagocj'tosis than at 47H 

1 xio® 



hours. Coed within cells 
appear to be disintegrated. 
1 No organisms seen eitra- 
1 ccllularly 




93}i 1 No phagocytosis by poly- 

Cultures con* 



1 morphs. A few cocci in 

1 mononudears. A few extra- 

cellular capsulated coed; ont 
1 chain in about 10 fields 

i taminated 



140H No phagoc>'tosis. No extra 

- 9 X 10’ 



1 cellular orga nisms seen 



IM j No phagoc>*tosis. No extra 

- 0 



j cellular organisms seen 
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proliferate at 41°C. was a prerequisite but not the sole factor in deter- 
mining the degree of virulence of a given strain. In an attempt to 
further analyze the problem we selected for study two strains which 
differ in their lethal properties for rabbits, but both of which are able 
to grow at 4rC. In Paper II we have determined that in vUro at 
37°C. the avirulent strain CH produces a somewhat smaller capsule 
than the rabbit virulent strain SV and, furthermore, that the loss of 
the structure during cultivation which leads to surface changes giving 
the cells, at least temporarily, properties similar to those of the R 
organisms, occurs more rapidly in the former. In this paper it has 
been demonstrated that the extent of capsular disintegration at the 
time of injection is directly correlated with the capacity of the animal 
body to remove both strains from the blood and to eliminate them 
through ingestion and destruction by means of the phagocytic cells, 
chiefly those of the fixed tissues but to a certain degree by the mobile 
leucocytes as well. Furthermore, from an examination of the events 
transpiring within the pleural cavity subsequent to the introduction of 
the two strains, it appears that just as in vitro, so in the body, diminu- 
tion of the smaller CH capsule (which at first speedily develops) takes 
place readily and advances swiftly, leading to extensive phagoc 3 d;osis 
by polymorphonuclears. In contrast, the vast majority of SV cocci, 
after the production of their massive capsules, remain invulnerable in 
the presence of leucocytes during the period preceding the death of the 
animal. 

In view of all the foregoing experimental data we feel justified in 
asserting that (a) the inherent physiological potentiality of the bac- 
terium to grow in the body of the host under the environmental condi- 
tions, including elevated temperature, encoimtered following infection, 
(6) together with the ability of the organism to maintain the capsule 
intact for a longer or shorter period of time, are fundamental factors in 
determining whether the injection of a given strain of smooth Type 
III pneumococcus will ultimately result in an invasion of the host 
characterized by practically u nlimi ted proliferation of the organisms 
and ending in death, or whether the disease will be marked by a re- 
strained increase in the cocci reflected by a controlled, low grade, 
fluctuating bacteremia which is ultimately overcome. 

There is no cfifficulty in perceiving the application of this statement 
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proliferate at 4rC. was a prerequisite but not the sole factor in deter- 
mining the degree of virulence of a given strain. In an attempt to 
further analyze the problem we selected for study two strains which 
differ in their lethal properties for rabbits, but both of which are able 
to grow at 4rc. In Paper II we have determined that in vitro at 
37°C. the avirulent strain CH produces a somewhat smaller capsule 
than the rabbit virulent strain SV and, furthermore, that the loss of 
the structure during cultivation which leads to surface changes giving 
the cells, at least temporarily, properties similar to those of the R 
organisms, occurs more rapidly in the former. In this paper it has 
been demonstrated that the extent of capsular disintegration at the 
time of injection is directly correlated with the capacity of the animal 
body to remove both strains from the blood and to eliminate them 
through ingestion and destruction by means of the phagocytic cells, 
chiefly those of the fixed tissues but to a certain degree by the mobile 
leucocytes as well. Furthermore, from an examination of the events 
transpiring within the pleural cavity subsequent to the introduction of 
the two strains, it appears that just as in vitro, so in the body, diminu- 
tion of the smaller CH capsule (which at first speedilj’^ develops) takes 
place readily and advances swiftly, leading to extensive phagocytosis 
by polymorphonuclears. In contrast, the vast majority of SV cocci, 
after the production of their massive capsules, remain invulnerable in 
the presence of leucocytes during the period preceding the death of the 
animal. 

In view of all the foregoing experimental data we feel justified in 
asserting that (a) the inherent physiological potentiality of the bac- 
terium to grow in the body of the host imder the environmental condi- 
tions, including elevated temperature, encountered following infection, 
(6) together with the ability of the organism to maintain the capsule 
intact for a longer or shorter period of time, are fundamental factors in 
determining whether the injection of a given strain of smooth Type 
III pneumococcus will ultunately result in an invasion of the host 
characterized by practically unlimited proliferation of the organisms 
and ending in death, or whether the disease will be marked by a re- 
strained increase in the cocci reflected by a controlled, low grade 
fluctuating bacteremia which is ultimately overcome. ’ 

There is no difficulty in perceiving the application of this statement 
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in virulence for mice is exhibited provided the intravenous route be 
employed. This fact affords further evidence that the attributes 
which determine virulence are to be sought in the bacteria themselves, 
rather than in the particular species of host. We cannot, therefore, 
agree with the hypothesis of Tillett, that the rabbit possesses a host 
specific mechanism which enables it to destroy the capsule of the 
avirulent Type TTT Pneumococcus, but not that of the virulent 
variety. 

The importance of capsular retention by the Pneumococcus as it 
affects the removal of the organisms from the blood has not been gen- 
erally recognized by previous workers in this field. Thus, Teale (7) 
finds that the yoimg actively growing cultures of virulent Pneumo- 
coccus Type III in contradistinction to nearly all other species of 
bacteria are not rapidly eliminated by the normal clearing mechanism 
of the blood. He definitely asserts that this “is not due to a capsule 
interfering with phagocytosis since it is not present in cultures,” 
but presents no alternative explanation. Wright, observing the sim- 
ilar behavior of young cultures of Type I Pneumococcus following 
intravenous inoculation into rabbits attributed their persistence in 
the circulation to the fact that they were in the logarithmic growth 
phase, which continued xmchecked after introduction into the ani- 
mal. We do not feel, at least in the case of Pnemnococcus Type HI, 
that this is due to the phase of active growth per se, but rather to the 
fact that the size of the capsule is greatest at this stage. This view 
is borne out by certain experiments with SV in which the organisms, 
although long past the logarithmic growth period, still possessed 
large capsules and were not removed following injection. Further, 
the injection of CH cultures still in the phase of active multiplication 
was followed by a marked diminution in the numbers of cocci in the 
circulatiug blood. Finally, we have found that even when SV organ- 
isms, which had previously been increasing rapidly in the blood of 
one animal, are transferred to another, there is a short but definite 
initial period during which no increment in numbers is observed. 

SUMMARY AND CONCLUSIONS 

Arnong the experimental findings reported in this paper to which 
we wish to give particular emphasis are the following: 

1. The results which follow the intravenous injection into rabbits 
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8. Differing degrees of virulence among various strains of Pneumo- 
coccus Type in capable of growing at the elevated temperature en- 
countered in the infected animal appear to be conditioned by varia- 
tions in the capacity to maintain the integrity of the capsule within 
the body- 
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EXPLANATION OF PLATE 21 

Fig, 1. Liver of rabbit injected with 15 hour broth culture of strain SV, Large 
encapsulated organisms l 3 dng free in sinusoid about a fragment of adventitious 
debris. 

Fig. 2. Liver of same rabbit. Pneumococci in Kupffer cell; compare with 
Fig. 1, noting absence of capsule. 

Fig. 3. Liver of same rabbit. Short chain of pneumococci apparently within 
a polymorphonuclear leucocyte l 3 dng in the sinusoidal space. 

Fig. 4. Liver of rabbit injected with 15 hour broth culture of strain CH, 
Pneumococci in Kupffer cell. Note absence of capsule. 
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AN UNSATURATED FATTY ACID FRACTION OF PIG PAN- 
CREAS WHICH INHIBITS THE GROWTH OF 
CHICKEN SARCOMA 

By O. M. HELMER, Ph.D. 

{From the Lilly Laboratories for Clinical Research, Indianapolis City Hospital, and 
the Lilly Research Laboratories, Indianapolis) 

(Received for publication, June 3, 1936) 

From time to time articles have appeared in the literature showing that the 
higher fatty acids exert an inhibiting action on tumor growth. Webb (1) in 1901 
used soap solution in the treatment of human tumors. On the basis of Webb's 
work Shaw-I^Iackenzie (2) and Gardner (3) reported on the use of sodiiun oleate 
in the treatment of cancer, Nakahara (4) found that unsaturated fatty acids 
when injected intraperitoneally caused an increased resistance to the growth of 
subsequently implanted Bashford adenocardnoma. Similarly, the grow’th of 
autografts of spontaneous tumors was retarded, Bierich (5) also reported an 
increased resistance to cancer implantation by means of an unsaturated fatty 
acid. Ledoux (6), in a paper in which he gave a comprehensive review of lipids in 
relation to cancer, reported that sodium oleate, oleic add, and stearic add when 
applied locally in intervals between painting retarded the appearance of tar cancer 
and that an iron salt of oleic add exerted the same effect when injected into the 
peritoneum. 

The growth of chicken tumors also is affected by the xmsaturated fatty adds. 
Begg and Aitken (7) reported that intratumoral injections of sodiiun oleate some- 
times led to regression and occasionally to complete disappearance of tumors and 
also that potent Rous filtrates were found to be inactivated by the addition of a 
neutralized solution of sodium oleate, Pirie (8), in studying the inhibiting action 
of pancreatic extracts on the Rous and Fujinami tumors, conduded that the inac- 
tivating factor of the pancreatic extracts was assodated with the fatty add and 
lecithin fractions. Baker and McIntosh (9) and Sugiura (10) also found that 
aqueous extracts of pancreas inhibited the chicken sarcoma, and Vassiliadis 
(11) mentioned that organo-extracts of pancreas had a retarding action on tar 
tumors. 

It is the purpose of this paper to present a stepwise fractionation of 
fresh pancreatic tissue which demonstrates that the inhibiting action 
of this tissue against the Rous chicken sarcoma is found principally in 
the unsaturated fatty acid fraction. 
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AN UNSATURATED FATTY ACID FRACTION OF PIG PAN- 
CREAS WHICH INHIBITS THE GROWTH OF 
CHICKEN SARCOMA 

By O. M. HELMER, Ph,D. 

{From the Lilly Laboratories for Clinical Research, Indianapolis City Hospital, and 
the Lilly Research Laboratories, Indianapolis) 

(Received for publication, June 3, 1936) 

From time to time articles have appeared in the literature showing that the 
higher fatty acids exert an inhibiting action on tumor growth. Webb (1) in 1901 
used soap solution in the treatment of human tumors. On the basis of Webb’s 
work Shaw-Mackenzie (2) and Gardner (3) reported on the use of sodium oleate 
in the treatment of cancer. Nakahara (4) found that unsaturated fatty acids 
when injected intraperitoneally caused an increased resistance to the growth of 
subsequently implanted Bashford adenocarcinoma. Similarly, the growth of 
autografts of spontaneous tumors was retarded. Bierich (5) also reported an 
increased resistance to cancer implantation by means of an \msaturated fatty 
acid. Ledoux (6), in a paper in which he gave a comprehensive review of lipids in 
relation to cancer, reported that sodium oleate, oleic add, and stearic acid when 
applied locally in intervals between painting retarded the appearance of tar cancer 
and that an iron salt of oleic add exerted the same effect when injected into the 
peritoneum. 

The growth of chicken tumors also is affected by the unsaturated fatty adds. 
Begg and Aitken (7) reported that intratumoral injections of sodium oleate some- 
times led to regression and occasionally to complete disappearance of tumors and 
also that potent Rous filtrates were found to be inactivated by the addition of a 
neutralized solution of sodium oleate. Pine (8), in studying the inhibiting action 
of pancreatic extracts on the Rous and Fujinami tumors, conduded that the inac- 
tivating factor of the pancreatic extracts was assodated with the fatty add and 
ledthin fractions. Baker and McIntosh (9) and Sugiura (10) also found that 
aqueous extracts of pancreas inhibited the chicken sarcoma, and VassQiadis 
(11) mentioned that organo-extracts of panaeas had a retarding action on tar 
tumors. 

It is the purpose of this paper to present a stepwise fractionation of 
fresh pancreatic tissue which demonstrates that the inhibiting action 
of this tissue against the Rous chicken sarcoma is found principallv in 
the unsaturated fatty acid fraction. 
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TABLE I 

Fractionalion of Pancreatic Tissue Jor the Isolation of a Tumor-Inhibiting Agent 


500 gm. frozen pig pancreas 


Extracted 3 times with acetone 


Residue 1* Acetone extract 

Inactive Evaporated to dryness 

(Weight 80 gm.) 
Active 

Rcdissolved in acetone; cooled 


2. Cold acetone insoluble residue 
Inactive 


4. 70% alcohol insoluble residue 
Inactive 


3. Cold acetone soluble 
Evaporated to dryness 

(Weight 50 gm.) 
Active 

Dissolved in 70% alcohol; cooled 


5. 70% alcohol soluble 
Evaporated to dryness 

(Weight 37.6 gm.) 

Active 

(0.25 mg. o 3.3 mg. of pancreas inhibits 

100 %) _ 


Saponified with alcoholic KOH; the alcohol 
evaporated and 2 volumes of water added; 
extracted with ether in alkaline condition; 
then made add to Congo red and again ex- 
tracted with ether 


6. Nonsaponifiable alksdine ether extract 7. Add ether extract 

Ether evaporated Evaporated to dryness 

(Weight 1.6 gm.) (Wdght 28.6 gm.) 

Relatively Inactive Active 

(0.5 mg. ^ 156 mg. of pancreas inhibits only (0.25 mg. = 4.4 mg. of pancreas inhibits 

100%; 0,10 mg. ^ 1.7 mg. of pancreas in- 
hibits 50%) 


Dissolved in alcohol; neutralized with KOH- 
predpitated with Pb acetate; predpitate 
dried in vacno\ extracted with eUier 


8. Ether insoluble Pb soap 

Pb removed as chloride and ether evaporated 
(Weight 6 gm.) 

Relatively Inactive 

(0.5 mg. o 42 mg. of pancreas inhibits 96%; 
0.25 mg. o 21 mg. of pancreas inhibits 70%) 


9. Ether soluble Pb soap 

Pb removed ^ddoride and ether evaporated 
(W^aght 21 gm.) 

Active 

(0.10 mg. to 0 25 mg. o 2.3 mg. to 5.8 mg. of 
pancreas inhibits 100%) ^ 
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saturated fatty add fraction. The acid number, the iodine number, 
and the physical properties are similar to those of oleic acid. This 
does not necessarily mean that the inhibiting agent is oleic acid. 
Further purification ■will be necessary to clear up this point. Com- 
mercial oleic acid was found also to exert an inhibiting action against 
the chicken sarcoma agent in quantities comparable to the fractions 
isolated from the pancreas. Hydrogenation of the unsaturated fatty 
acid fraction destroyed its inhibiting properties. These results are in 
agreement with those of Pirie, who reported that oleic acid inactivated 
the Fujinami tumor filtrate but that stearic acid did not. However, 
our findings differ from those of Pirie in that the unsaturated fatty 
acid fraction was found to exert a markedly stronger inhibiting effect 
than did the phospholipoid fraction. 

The high concentration of lipase in pancreatic tissue may explain the 
strong inhibiting action of pig pancreas. Without doubt the lipase is 
responsible for the large quantities of free fatty acid which may be 
liberated by autolysis after the death of the animal. However, it is 
interesting to note that sarcoma of the pancreas is rarely found at 
human postmortem examinations (12). 

Along with the work of Begg and Aitken and of Pirie, the data 
presented in this paper definitely show that the unsaturated fatty 
acids are able to act directly on the tumor-inducing agent of chicken 
sarcoma as well as to increase the resistance to transplantable mouse 
tumors, as shown by Nakahara. More work will have to be done be- 
fore any conclusions can be drawn as to the mechanism of the in- 
hibiting action of the unsaturated fatty acid fractions. 

SUMMARY 

The inhibiting action of pancreatic tissue was found to be associated 
ivith the unsaturated fatty acid fraction. As small an amount of fatty 
acid as 0.1 mg. inhibited the chicken sarcoma agent contained in 0.2 
cc. of a 1 ; 60 aqueous extract of Chicken Tumor I. The unsaturated 
fatty acid had an acid number and an iodine number similar to those 
for oleic add. Commercial oleic acid also was found to inhibit the 
growth of the chicken sarcoma in comparable quantities. 

The author wishes to thank Dr. L. G. Zerfas and Dr . G. H. A Clow 
for their advice and encouragement. " 
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TISSUE CULTURE STUDIES ON BACTERIAL HYPERSEN- 
SITIVITY 

I. ToBERCtrLiN Sensitive Tissues 
B v JOHANNES K. MOEN, M.D., and HOMER F. SWIFT, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

PXATES 22 AND 23 

(Received for pubHcation, May 13, 1936) 

Tissue culture methods have been but little used in the elucidation 
of the various problems encountered in bacterial hypersensitivity. 
The few studies reported have dealt with tissues from tuberculin 
sensitive animals. Rich and Lewis (1) showed that tuberculin in 
proper concentration had a selective toxic effect on cells from tubercu- 
lous animals. They believed that the tuberculin sensitivity was 
inherent in the cells, and that the cytotoxic effect was the result of an 
antigen-antibody reaction. Aronson (2) confirmed this work and also 
demonstrated the cytotoxic specificity of various tuberculins on sensi- 
tive cells as compared with an indifferent effect of extracts made from 
other acid-fast organisms. In another series of experiments he (3) 
compared the reaction of tissues from animals sensitized to proteins 
with that of tissues sensitive to tuberculin when the respective anti- 
gens were added to the culture media. Horse serum added to cultures 
of tissues from horse serum sensitized animals produced no demon- 
strable cytotoxic effect; this was in marked contrast to the cytotoxic 
action of tuberculin on tissues from tuberculous animals; he thus 
showed that there is a fundamental difference between the two types 
of hypersensitive tissues. We (4) have also noted that cells from 
animals sensitized with horse serum, egg albumin or beef lens were not 
specifically inhibited when the respective antigens were added to tissue 
cultures. As a preliminary to an analysis of other types of bacterial 
hypersensitive states it was thought advisable to make a detaUed 
study of tuberculin allergy since this is a prototype. This commun' 
cation deals, therefore, with a partial repetition of previous work -fh 
amplifications and extensions. 
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\s'ere used. Splenic explants, especially from the guinea pig, contained an abun- 
dance of wandering ceUs and fibroblastic elements; they therefore were most satis- 
factory for our studies, and were most often employed. The animals were killed 
by a sharp blow over the head; the tissues were removed aseptically; the central 
portions were cut into explants approximately 1 mm. square and w*ere washed in 
Tyrode’s solution. Four explants were transferred to each flask as soon as the 
media were thoroughly mLxed. Twelve explants were used for each experimental 
condition. Incubation was carried out at 37.5°C. 

Experimental Observations . — Qualitative and quantitative estimations of the 
efiect of tuberculin on sensitive and normal cells -were made daily. Microscopic 
examinations, revealing changes in the size, shape, color and amount of granulation 
of the cells, indicated the different degrees of toxicity of the tuberculin. Quan- 
titative estimations of the relative increase in areas of wandering cell migration and 
of fibroblastic growth were determined by ocular micrometric (5) and by pro- 
jectoscopic methods (6) respectively. The areas of cellular migration were roughly 
circular; and since the area of a circle is directly proportional to the square of its 
radius, the square of the average radius of the twelve explants and growths in 
each experimental set up were compared. Fibroblastic growths were more irreg- 
ular in outline so that their areas were determined by projectoscopic methods. 

Definition of Qitantitalive Terms Used . — 


Rate of migration or growth 


Area of growth — area of explant 
Area of explant 


per unit of time 


Cytotoric index “ ^^te of growth in media containing tuberculin 
Rate of growth in media not containing tuberculin 

If the cj'totoxic index is approximately 1, the tuberculin in that concentration 
has an indifferent eBect; if distinctly less than 1, it is toxic. 

Comparative cytotoric index = mdex of tubercu lin on test explants 

Cytotoxic index of tuberculin on normal explants 

n the comparative c>i;otoxic index is about 1, the test tissue is not sensitive to 
tuberculin; if definitely less than 1, the test tissue is sensitive or specificaUy in 
hibited; in other vrords, tuberculin has a specific cytotonc efiect on the sensitized 
tissue. ^ 

The initial growth energj' refers to the growth rate of tissue in normal media. 

Comparative initial growth index = growth of test explants in normal media 

Rate of growth of normal explants in normal media 


KtSULTS 


Coitrse of the Experimental Tulercidosis. —Tht bovine strain 
o! tubercle bacilli, induced in rabbite a slowly progressive disi’e m 
voKang many tnscera, with cacheda and a lethal outcome. 
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after explantation of splenic tissue. These cells continued to n-ander out into the 
medium away from the explant for about 24 hours, when they began to degenerate 
and disintegrate. By the 2nd day numerous large wandering cells of the macro- 
phage type were in evidence. With each succeeding day the cells became larger, 
the protoplasmic processes more complex and the extent of migration greater. 
The advancing line of cells was usually sharp and the outline roughly circular. 
After 4 days the cellular migration from explants in normal plasma had usually 
extended so far that cells from different explants in the same flask intermingled; 
this rendered further quantitative measurements impossible. Fibroblasts from 
splenic explants appeared 2 or 3 days after explantation and grew out as solid 
sheets of cells. Testicular explants produced almost entirely fibroblastic forms 
with but few scattered wandering cells. 


Qualitative Effect of Old Tuberculin on Cells fro77i Nor77ial a7id Tuber- 
culous Animals. — ^Preliminary experiments showed that tuberculin 
in a concentration of 1-300 had but slight effect on cells from normal 
animals; this visible effect was chiefly a slight increase in the amount 
of granulation, attenuation of protoplasmic processes, or a slight 
decrease in cell size. Most of the normal cells in the presence of this 
concentration of tuberculin appeared healthy and active at the 
termination of experimental observations. 

Cells from tuberculous animals, on the other hand, were severely 
injured by the tuberculin. 


The more highly sensitive cells migrated only short distances before they died, 
degenerated and disintegrated. Cells with lesser degrees of sensitivity survived 
longer and migrated further. Various grades of coarse granulation and vacuoliza- 
tion of the cytoplasm developed; protoplasmic processes shortened; the cells be- 
came smaller and rounder; and cellular disorganization was followed by disintegra- 
tion. The cytotoxic effect of tuberculin on fibroblasts from tuberculous animals 
was roughly parallel, but as a rule these cells were somewhat more resistant 
Figs. 1 to 8 show the comparative effect of tuberculin on sensitive and normal 
macrophages and fibroblasts. Tuberculin had a similar cytotoxic effect on fibro- 
blastic growth from testicular explants. 


Qua7ihtative Deteri7iinatw7is of Cellular Migration aiid FibroUacUr 
The extent of splenic cellular migration was measured dailv' 
by means of ocular micrometric methods, and the amount of testiml.. 
fibroblastic growth by projectoscopic and planimetric determinaF^ 
The measurements of cellular migration from the twdveTxS,°7’ 
withm each experimental condition usually varied but little T^ t 
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cells from R 1 infected guinea pigs at least as long as 4 months after 
infection, at which time the spleens were essentially normal macro- 
scopically and microscopically; and the only demonstrable foci of 
infection were small caseous abscesses at the original sites of infection. 

Correlalion between the Microscopic Appearances and Quantitative 
Migration and Growth of Cells— As a rule there was a close correlation 
between the microscopic appearances of cells and the comparative 
indices of tuberculin cytotoxicity. 

Markedly sensitive cells migrated only slightly in media containing tuberculin 
and were soon kiUed; hence comparative indices were correspondingly low. Lesser 
degrees of sensitivity were manifested by greater activity of the cells and higher 
indices. A prime requisite for assuring validity of quantitative measurements is 
the production of firm fibrin clots in w^hich the explants were placed. Firmer clots 
were obtained when the plasma was but slightly diluted. In instances where 
excessive fluid collects over the explant some of the surface cells float beyond the 
margin of cellular migration. With a little experience these cells can be easily 
recognized and thereby false figures for cellular migration avoided. 


Specificity of Tuberculin Toxicity 071 Sensitive Cells. — ^In order to 
test the specific toxicity of old tuberculin on sensitive tissues, other 
cytotoxic materials such as concentrated glycerin broth, autolysates of 
various streptococci, streptococcal extracts and proteins were used. 
Suitable dilution of these substances having but slight effect on normal 
cells, had little, if any, greater effect on tuberculin sensitive cells, 
thereby indicating the specific toxicity of tuberculin. 

Duration hi Vitro of Cellular Sensitivity to Tuberculin. — ^In view of ’ 
the persistence of cellular sensitivity to tuberculin months after the 
acute local inflammatory reaction had subsided in animals infected 
with strain R 1, it seemed advisable to determine the duration of this 
sensitivity in vitro when cells from tuberculous animals were grown in 
media containing normal plasma and extract. 


Several experiments were undertaken with splenic explants from guinea nig 
1, 3 and 4 months respectively after intratesticular infection with strain 
The two animals infected 3 and 4 months previously were in good general conrI*t* 
both reacted positively to tuberculin injected intracutaneously and at a f ' 
both showed only smaU caseous tuberculous abscesses in the inoculated 
No other macroscopic evidence of tuberculosis was discernible- and p 
slight enlargement of the spleen in one animal, no other abnomialitv 
Smears from the testicular foci showed numerous acid-fast bacilli c3 '''' f 
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resulting comparative indices of 0.30, 0.28 and 0.30 on the 4th, 7th and 9th day 
respectively. Secondary transplants had comparative indices of 0.56 and 0.41, 


Comparative, 
growths from 
cxplants 


Comparative 
growths from 
primary transplants 


Comparative 
growths from 
secondary 
transplants 



.-Relative sbe J expjant or transplant 

S; Growth sensitive explant or transpla^V 

g-Gr^thofsenslUve explant or transplant! 

1 ) media 


on the 4^ and 7th day after transplantation or the j 

esplantation, respectively; this indicated that tuber^ 2?-!; after 

tamed their sensitivity after t^o transplantations 
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relation between the pathologic picture of the spleens and the growth 
capacity of splenic explants in normal media. Explants from spleens 
exhibiting marked pathological features produced much less vigorous 
growths than did explants from spleens nearly normal histologically. 

Correlation between Initial Growth Energy and Tuberculin Sensitivity 
of Splenic Explants.—Ey comparing Charts 1 and 3 it is seen that 
there is no distinct correlation in this respect. Splenic explants from 
animals late in the course of the infection with strain R 1, at which 
time the spleens were nearly normal histologically, were almost as 



C^T 3. Comparative initial growth (macrophage migration) indices for 
splenic explants from tuberculous guinea pigs 4 days after explantation. 


sensitive to tuberculin as were explants from spleens, pathological in 
the gross, of guinea pigs infected with strain H 37. 


DISCUSSION 


These experiments clearly show that human and bovine old tuber 
culin have a marked specific toxic effect on explanted cells fmm 
animals infected with various strains of tubercle bacilli and mrrT 
orate the work of previous investigators (1, 2). There appears to 
be no definite correlation between the virulence of the infectbg tuLr- 
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On the other hand, there is a possibility that the tuberculin cyto- 
toxicitj’’ is the result of an additive effect. In this case one must 
assume that some toxic material similar to tuberculin bathes the cells 
in tuberculous animals, and when these tissues are explanted into 
culture media containing tuberculin, a combined action of the tuber- 
culin and this hypothetical toxic substance results. This explanation 
seems very improbable, however, as specific tuberculin sensitivity 
can be demonstrated over a wide range of tuberculin concentrations. 

The toxic effect of tuberculous infection on body cells, particularly 
of the wandering or macrophage type, was manifest in vitro by de- 
creased activity. Cells from an animal infected with a lowly virulent 
strain R 1 of tubercle bacillus showed, during the toxic stage when 
grown in normal media, a decrease in migratory ability of macro- 
phages and a decrease in quantitative fibroblastic growths. A return 
to practically normal growth energy was demonstrated during the 
healing stage, or period of regression of lesions. Marked sensitivity 
was stiff in evidence, however, when tuberculin was added to the 
culture media. Therefore the degree of sensitivity of cells from tuber- 
culous animals to tuberculin in vitro does not parallel the acuity of the 
infectious process but represents a more or less permanent charac- 
teristic which has been impressed upon the cell as a result of the 
infection. 


SUMMARY AND CONCLUSIONS 


1. A high degree of cellular sensitivity to tuberculin toxicity was 
demonstrated when explants from tuberculous animals were grown 
in media containing that substance. 

2. Simffar degrees of sensitivity were noted in cells derived from 
animals infected with either virulent or relatively lowly virulent 
strains of tubercle bacilli. 


3. The specificity of the tuberculin cytotoxicity was proven bv 

testmg with other bacterial cytotoxic materials. ^ 

4. Tuberculin sensitive cells grown in vitro in normal media shnw^rl 
when tested with tuberculin, persistence of tWs cellular 
tbrougi seve^ tra„p,a„.a«„„s duxfag which 

erations of cells developed. ^ 

5. There was a depression of the initial growth energy of explants 
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Fig, 6. Lower magnification of sensitive explant in Fig, 2, showing good fibro- 
blastic growth in normal media 4 days after explantation. X75. 

Fig. 7. Lower magnification of normal explant in Fig. 3, showing good fibro- 
blastic growth in media containing old tuberculin 1-300. X7S. 

Fig. 8 . Lower magnification of normal explant in Fig. 4, showing good fibro- 
blastic growth in normal media 4 days after explantation. X75. 
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TISSUE CULTURE STUDIES ON BACTERIAL HYPER- 

SENSITWITY 

II. Reactions oe Tissues erom Guinea Pigs Ineected ivith 
Group C Hemolytic SiREPTOCoca 

By JOHANNES K. MOEN, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, May 13, 1936) 

Observation ol the specific toxic effect of bacterial products on living 
sensitive cells in tissue culture offers a direct approach to a study of 
certain phases of bacterial allergic or hypersensitive states. In a pre- 
ceding study (1) tuberculin was shown to have a specific toxic effect 
on sensitive cells from animals infected with several strains of tubercle 
bacilli having various degrees of virulence. 

This communication presents the results of an investigation by the 
tissue culture technique, of hypersensitive states associated with 
infection by a different species of microorganism, namely the hemolytic 
streptococcus. This permits of a comparison of cutaneous reactivity, 
antibody production and the development of cellular susceptibility to 
the toxic action of certain bacterial products in vitro. A comparison 
with some features of tuberculin allergy can thus be made. 

EXPERIMENTAL 

Animals.— Mhmo guinea pigs, mostly males, -weiglimg between 300 to 450 gm. 
were used throughout, because the strains of hemol 3 rtic streptococci employed were 
natural pathogens for these animals. 

Hemolytic Streptococci. — ^Three strains of hemolytic streptococci, K 104 K 64 
and J 20, all isolated from epidemics of spontaneous guinea pig lymphadenitis and 
all belonging to group C of Lancefield’s serological classification (2) were used. 
In most experiments strain K 104‘ was employed. The inoculum consisted of 
0.1 cc. of an 18 hour broth culture injected subcutaneously in the inguinal region. 

I Kindly supplied by Dr. Theobald Smith, and originally isolated from spon 
taneous guinea pig lymphadeniUs by Dr. J. G. Hardenbergh, of the Mayo Foun' 
dation. ^ 
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Bacterial Extract. — The bacterial extract for skin testing and for use in tissue 
culture experiments was derived from the above mentioned microorganisms. 
After growing in broth culture for 18 hours, the bacteria were thro^vn down by 
centrifugation, frozen and dried by a technique previously described by Swift 
(3) and ground in a ball mill for from 3 to 5 weeks to disrupt completely the organ- 
isms. A 0.5 per cent solution of the dried powder was made up in Tyrode's solu- 
tion, and centrifuged at high speed for 30 to 45 minutes to remove the insoluble 
portion. The resulting clear, slightly opalescent solution was the bacterial extract 
used in the experiments. 

Tissue Cnlhire Media. — Heparinized guinea pig plasma obtained by cardiac 
puncture and 10 per cent guinea pig splenic extract were prepared as described 
in the preceding paper (1). The bacterial extract, in proper dilution, added to the 
plasma for testing was equal to one-tenth of the total volume of the media. Thus, 
the final set up consisted of 0.85 cc. of plasma, 0.15 cc. of bacterial extract dilution 
and 0.5 cc. of 10 per cent guinea pig splenic extract. Carrel micro flasks were used 
throughout. 

Explajtts. — Splenic explants were used exclusively, since this tissue contained 
many wandering cells of the macrophage type and also numerous fibroblastic 
elements. Four explants about 1.0 mm. square were placed in each flask after 
the culture media had been thoroughly mixed. Twelve explants were used for 
each experimental condition. Incubation was carried out at 37.5°C. 

Experimental Observations. — Qualitative microscopic and quantitative meas- 
urements of the wandering cell migration and fibroblastic growths were made 
daily as described in the preceding paper (1). Qualitative evidences of cellular 
injury were manifested by changes in size, shape, color, amount of granulation, 
and by signs of cellular disintegration. The activity of the cells was measured 
quantitatively as increase in areas of macrophage migration or fibroblastic growth. 
For a full explanation of the quantitative terms employed such as: rate of growth, 
cytotoxic index, comparative cytotoxic index and initial growth energy reference 
should be made to the preceding paper (1). 

RESULTS 

Course of Experimental Hcynolytic Streptococcal Infection in Guinea Pigs . — 
Obvious local infection almost invariably occurred when 0.1 cc. of an 18 hour 
broth culture of a group C hemolytic streptococcus was injected subcutaneously. 
Following an intense local inflammatory reaction, an abscess formed and usually 
drained spontaneously after 1 or 2 weeks. Within 4 or 5 days local l 3 Tnphadenitis 
was demonstrable. The nodes gradually increased in size, measured 1 to 2 cm. 
in diameter, and became filled with thick purulent material. Distant lymph nodes 
occasionally were involved. Chronic purulent lymphadenitis usually persisted 
for weeks or months, and only occasionally did this chronic form resolve by rupture 
with spontaneous healing. Other lesions occasionally encountered were retro- 
peritoneal abscesses, hepatic abscesses, mediastinal lymphadenitis, areas of pul- 
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monary consolidation and purulent pericarditis, from all of vrhich hemoljlic 
streptococci vrere denioiistTB.ble on blood agar plates. 

Early in the course of tbe infection, the animals developed fever and lost weight; 
then they gained weight, appeared active and healthy except for the enlarged 
lymph nodes. Animals seldom died during the acute stage, and tolerated the 
chronic infection quite well. 

Skin Reactivity to Bacterial Extract.— h delayed inflammatory^ reaction similar 
to a positive tuberculin test developed when 0.1 cc. of the bacterial extract, con- 
taining the soluble products of 0.5 mg. of the ground bacteria, was injected intra- 
dermally into infected guinea pigs. The reaction, which usually reached its 
height at 24 hours, was characterized by redness, edema, induration and in some 
instances by areas of central necrosis. Involution required several days; and 
when central necrosis eventuated a persistent scar developed. Normal animals 
failed to react to this dose of bacterial extract. Repeated skin testing in the same 
noninfected animal would, however, result in a positive skin reaction to sub- 
sequent testing. 

Cutaneous hyperreactivity was demonstrable as early as 5 days after infection. 
In general, the most intense reactions, consisting of large, very red, edematous and 
indurated lesions, occurred in the period 2 to 3 weeks after infection. This was 
followed by a decrease in cutaneous reactivity, although large foci of infection 
persisted. Cutaneous hypersensitivity, of diminishing intensity, persisted in 24 
guinea pigs in which spontaneous healing of the focal lesions had occurred, and 
which showed no macroscopic lesions at autop^. 

Specificity of Skin Reactivity to Group C Hemolytic Streptococcal Extract . — 
Several infected animals were also tested with bacterial extracts prepared from a 
group B hemolytic streptococcus and from a green streptococcus obtained from a 
guinea pig. Slight reactivity, less than that to the homologous extract, de\'eIoped, 
which indicated that some of the reactivity was probably due to a chemical fraction 
common to the various streptococci used. 

Gross and Microscopic Appearances of Spleens Used for Exphnts. — The spleens 
from the infected guinea pigs were usually only shghtly swollen and softer than 
normaL Microscopically there was slight to moderate hyperplasia of the reticu- 
lum and increase in polymorphonuclear leucocji:es in the sinusoids, espedally 
early in the course of the infection. Occasionally there was a slight hy-perplasia of 
cells in the Malpighian bodies. 


Tissue Culture Obseroaiious 

Growth from Explunis in Normal Media Not Containing Hemolytic 
Streptococcal Erc/rad.— CeUular migration from splenic explants de- 
rived from both normal and infected guinea pigs when grown in 
normal media was essentially the same qualitatively. 

During the first 24 hours smaU vrandering cells or microphages were mncf 
prominent, but by the 2nd day many of them were undergoing degeneration and 
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disintegration. The large wandering cells or macrophages continued to migrate 
outward, with a roughly circular advancing border. Each day the area of cellular 
migration increased so that by the 4th day tlie areas from the four different ex- 
plants were nearly contiguous. On the 2nd or 3rd day after explantation, spikes 
of fibroblastic growth extended out from tlie e.xplants; and growth continued until 
large circular sheets of fibroblasts w'ere formed. Experimental observations were 
usually terminated after the 4th day, at whicli time most of the macrophages were 
stiU healthy and active, and vigorous fibroblastic growths were present. It was 
frequently obseix’^ed that the wandering cells of the macrophage series from spleens 
of infected pigs had a more stimulated appearance and migrated farther than did 
those from normal animals, thus showing a greater initial growth energj" of cells 
from streptococcal infected animals. 

Groivth from Explants in Media Containing Hemolytic Streptococcal 
Extract. — ^Within a few hours after explantation there was a distinct 
stimulation of small migrating cells from all explants in media con- 
taining the streptococcal extract in a concentration of 1-6,000. This 
was a constant occurrence in all experiments and was seen in explants 
from botli normal and diseased animals. For example, measurements 
7 hours after explantation in a typical experiment showed that the 
areas of cellular migration from explants in media containing the 
bacterial extract were more than twice as great as from explants in 
normal media; this demonstrated the early stimulating or chemotactic 
effect of the bacterial extract. 

A difference in the reactivity of macrophages, from normal and 
infected animals, was discernible 24 to 48 hours after explantation into 
media containing the streptococcal extract. The normal cells were 
only slightly inhibited by the concentration of bacterial extract em- 
ployed. The cells from infected animals, on the other hand, became 
rounder, darker, more granular and their migration was distinctl)'’ 
inhibited. With each succeeding day the differences in tlie degree of 
migration became more marked, due to the specific inliibitory or 
cytotoxic effect of the bacterial extract on the latter. 4 da)'’S after 
explantation, at which time experimental observations were usually 
terminated, many of the sensitive cells were dead and disintegrating, 
while the remaining ones were very dark, granular and inactive. In 
contrast, most of the normal cells were still healthful in appearance and 
maintained their active migration. Fibroblastic growths from sen- 
sitized explants appeared less inhibited by the bacterial extract than 
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were tlie macrophages. The degree of the specific cytotoxicity of 
bacterial extract varied in different experiments depending to a certain 
extent on the time relationships after infection. The more highly 
sensitive cells were rapidly killed^ various gradations were seen so that 
the lesser sensitized cells manifested only slight inhibition in their 
migratory propensities. 

Quanlifative Comparisons of Celhdar Migration. — K quantitative 
expression of the comparative inhibitory effect of hemoljiiic strep- 



Chart 1. Comparative cytotoxic indices of streptococcal extract for macro- 
phage migration from splenic explants derived from guinea pigs infected with 
group C hemolytic streptococci. 4 days after explantation. The circle around 
each index indicates the comparative size of the cutaneous reaction 24 hours after 
the intradermal injection of streptococcal extract. Skin tests were applied to the 
animals 1 or 2 days preceding explantation experiments. 

tococcM extract on cells from hypersensitive and normal animals was 
determined in a manner similar to that employed in the previous study 
on tuberculin sensitive tissues (1). The concentration of bacterial 
extract which had but slight inhibitory effect on normal cells was 
determined by preliminary experiment to be about 1-6,000 If the 
comparative cytotoxic index was distinctly below 1, a specific inhibi- 
tory or toxic effect on the sensitized cells was indicated 
Since the results obtained on the 4th day after explantation repre- 
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sent the maximal demonstrable effect of the bacterial extract on 
sensitized and normal cells, comparative cytotoxic indices of 35 ex- 
periments for that day are shown in Chart 1. Each dot represents the 
comparative cytotoxic index for a single experiment, in each of which 
48 explants were used, and is plotted against the duration in days 
after the respective animal was infected. 28 of the 35 indices are 
below 1, and seven are above. Four of this seven above 1 occur 
between the 7th and 16th day after infection. After the 45th day all 
indices are definitely below 1. Chart 1 shows that cells from most 
of the streptococcal infected animals were specifically inhibited by the 


TABLE I 

Specificity of the Toxic Effects of Old Tulerculin and Streptococcal Extract on 

Sensitive Cells in Vitro 


Comparative cytotoxic index of old tu- 

Index 

0.39 

Indicates specific toxic effect of old 

berculin on cells from tuberculous ' 
animal 

Comparative cytotoxic index of strep to- 

1 

1.02 

tuberculin on tuberculin sensitive 
cells 

Indicates indifferent effect of strepto- 

coccal extract on cells from tubercu- 
lous animal 

Comparative cytotoxic index of strepto- 

0.57 

coccal extract on tuberculin sensi- 
tive cells 

Indicates specific toxic effect of strep- 

coccal extract on cells from strepto- 
coccal infected animal 

Comparative cytotoxic index of old tu- 

1 

0.99 

tococcal extract on streptococcal 
sensitive cells 

* Indicates indifferent effect of old tu- 

berculin on cells from streptococcal 
infected animal 


berculin on streptococcal sensitive 
cells 


homologous bacterial extract in tissue culture. Of five animals 
tested during the first 10 days after infection only two had indices 
below 1; this indicates that the time interval after infection is an 
important factor in the development of sensitive cells. 

In general there was a close correlation between the qualitative 
microscopic appearances and the quantitative estimation of cellular 
migration as evidences of the cytotoxic effect of bacterial extract. 

Specificity of the Cytotoxic Effect of Bacterial Extract on Sensitive 
Cells. — ^Bacterial extracts prepared from a group B hemolytic strepto- 
coccus and from a strain of Streptococcus viridayis obtained from a 
guinea pig had little, if any, greater cytotoxic inhibiting influence on 
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explants from group C streptococcal infected pigs than on normal 
explants. Bacterial extracts from closely related strains of strep- 
tococci within group C had similar specific cytotoxic effects on explants 
derived from guinea pigs sensitized by a group C streptococcus. In 
order to test further whether the toxic effect of bacterial extract on 
sensitive cells was specific and not simply the result of greater sus- 
ceptibility to any cytotoxic agent, an experiment was performed 
involving tests of tuberculin sensitive, streptococcal sensitive, and 
normal cells with both tuberculin and streptococcal extracts. Results 
showed that each cytotoxic agent exhibited a specific effect only on 
the cells sensitized by the corresponding infection. Table I shows the 
comparative cytotoxic indices of each of the test substances on each 
of the test tissues; these indices corroborate the qualitative or micro- 
scopic changes observed. This experiment clearly demonstrates the 
specific toxic influence of these bacterial derivatives on the corre- 
spondingly sensitive cells and shows that the effect is not due to a 
heightened vulnerability of these cells to any nonspecific cytotoxin. 

Correlation between Cutaneous Reactivity and Cellular Sensitivity to 
Bacterial Extract in Tissue Culture . — 

In order to compare the intensity of two unlike, but possibly related, bacterial 
hypersensitive reactions, it was necessary to employ two different quantitative 
measurements. Cutaneous reactivity was represented by the size of skin lesions 
obtained 24 hours after the intradermal injection of 0.1 cc. of bacterial extract. 
Following this procedure tissue culture experiments were performed. The degree 
of cellular sensitivity was indicated by comparative cytotoxic indices determined 
4 days after explantation. The cutaneous reactivity is expressed graphically in 
Chart 1 by determining the average of the two diameters of each skin lesion, by 
using an arbitrary scale, and by drawing a circle around each comparative index. 
This offers an opportunity for rough comparison of the relative size of skin lesions, 
although it is realized that cognizance should also be taken of the amount of 
edema, induration and central necrosis for complete evaluation of skin reactivity. 

Chart 1 indicates that the larger skm reactions developed during the 
2nd and 3rd week after infection, and this fact was substantiated by 
cutaneous reactions of animals not subjected to tissue culture experi- 
ments. It is also seen that the size of skin lesions did not parallel the 
degree of cellular sensitivity to bacterial extract as mdicated by the 
indices. All of the infected animals gave positive skin tests. Later 
in the course of the infection the skin reactivity decreased but the 
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cellular sensitivity to the specific toxic action of bacterial extract 
remained about the same. 

Comparative Initial Growth Energy of Explants from Infected and 
Normal Animals. — ^It was soon noted that when macrophages from 
infected animals were grown in normal media, these cells showed 
greater migratory activity than did normal cells in the same media. 
Chart 2 shows the comparative initial growth indices on the 4th day 
after explantation, plotted against the duration of infection in days. 
An index greater than 1 indicates that the cells from the infected 
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Chart 2. Comparative initial growth (macrophage migration) indices for 
splenic explants from streptococcal infected guinea pigs. 4 days after explan- 
tation. 


animal were stimulated; and an index definitely less than 1 that the 
cells were less active than normal. The comparative indices of 35 
experiments varied from 0.73 to 1,70 with an average of 1,19; 24 
indices were 1 or greater, and 11 were below 1. Of the 11 below 1, 
9 had an index above unity on the 1st or 2nd day after explantation, 
while only the remaining 2 had indices that persisted below 1 during 
each of. the 4 days following explantation. Thus, stimulation of 
macrophage activity at least as regards its migratory ability was a 
usual resultant of infection with the streptococcus under investigation. 
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Duralioii oj Soisiiiviiy io Specific Toxicity of Bacterial Extract on 
Transplantation of Sensitive Twi/w— Transplantations of fibroblastic 
growths were made similar to those in the study of tuberculin allergy 
(1), There was but little difference between the reaction of fibroblasts 
transplanted from sensitive explants and from normal explants when 
tested with bacterial extract. This indicates that sensitivity to this 
streptococcal extract is not as persistent as sensitivity to tuberculin. 

Antibody Studies 

Studies on the formation of humoral antibodies with relation to the 
events occurring during the course of the infection were conducted. 

Agglutiitalion Technique . — ^The group C hemolytic streptococcus (K 104) used 
in most of tiie experiments grev? diffusely in broth with little tendency to settling. 
Serum dilutions ranging from 10 to 5,120 were made in normal saline. Living 
18 hour broth cultures of streptococci were centrifuged at high speed and re- 
suspended in saline so that 1 drop of the bacterial suspension in 1 cc. of the serum 
dilution produced a slightly turbid suspension. Small colony forms of strep- 
tococci selected from blood plates were used for seeding broth cultures for use in 
agglutination. The larger mucoid colonial variants were relatively inagglu finable. 
The tubes were incubated in a water bath at 37°C. for 2 hours, stored in a refrigera- 
tor overnight and read for macroscopic agglutination. 

Aggliiiination Titers . — Sera from 32 animals with active infection 
had agglutination titers varying from 20 to 1,280 with an average of 
430. As shown in Chart 3, all of the lower titers occurred early in 
the course of the infection, while after the 28th day all titers were 
above 320. The agglutination titer of 21 animals with apparent 
recovery from infection varied from 80 to 640 with an average of 210. 

Seventeen normal control animals had titers varying from 0 to 80 
with an average of 43. One control animal which reacted negatively 
to an initial skin test, but later gave a positive reaction to a second 
skin test, had a titer of 160. 

Specificity of the Agglutinaiio7V Reaction . — Comparative agglutina- 
tion with group A, B and C hemolytic streptococci showed high 
titers for the serum with its homologous streptococcus and only slight 
a^gglutination with streptococci belonging to the other groups. 

Precipitating Antibodies . — ^The 1-200 solution of bacterial extract in Tyrode’s 
used for skin testing and in the tissue culture experiments was used as the pre- 
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cipitinogen. 0.3 cc. of serum was mixed with 0.3 cc. of dilutions of bacterial 
extract (1-200, 1-1,000, 1-5,000 and 1-25,000) incubated in the water bath at 
37°C. for 2 hours, stored in the refrigerator overnight and read macroscopically. 

Precipitin Reactions. — Slight but definite amounts of precipitate 
developed in 29 of 36 sera (81 per cent) from animals with active 
infection. The prozone phenomenon was frequently observed. All 
of the negative precipitin reactions occurred early in the course of the 



Chart 3. Agglutination titers of sera^from hemolytic streptococcal infected 
guinea pigs. 
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Chart 4. Precipitation reactions of sera from hemolytic streptococcal infected 
guinea pigs against streptococcal extract. 

infection; in fact six of the seven, as shown in Chart 4, fell within the 
first 11 day period. Five of 22 guinea pigs that apparently recovered 
from infection, or 23 per cent, gave positive reactions. 

Only one of 20 control animals gave a po'sitive precipitin reaction, 
and this was the same animal that received repeated skin tests and that 
had a slightly elevated agglutination titer. 

Relationship hehoeen Time of Infection, Development of Hwnoral 
Antibodies and Degree of Skin Reactivity. — ^The earliest appearance of 
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precipitins was on the 13th day after infection and about the same 
time significant increases in the agglutination titer were observed. 
Since skin hjTpersensitmty to bacterial extract was demonstrated 
as early as 5 days after infection, it seemed apparent that there was 
no close correlation between the appearance of circulating antibodies 
and the development of skin hj^jerreactivity- There was also no 
parallelism between the degree of skin reactivity and the height of 
agglutination titer when the chronic stage of the infection was 
established. 


DISCUSSION 

Sensitization of tissues to bacterial products probably occurs in 
many infections. The importance of studying bacterial hj^ersen- 
sitive states in experimental animals using bacteria that are natural 
pathogens is obvious, since this more closely approaches conditions as 
they occm in nature. The strains of hemolj^ic streptococci used in 
the present study were such natural pathogens for guinea pigs. 

An analysis of the course of events including tissue culture observa- 
tions was made following infection of guinea pigs with this micro- 
organism. The delayed inflammatory type of skin hypersensitivity 
to the bacterial extract was demonstrable as early as 5 daj's after 
infection; on the other hand, circulating precipitins and increase in 
agglutinins were not detectable tmtil about 2 weeks after infection. 
The sensitivity of splenic explant cells from infected animak to bac- 
terial extract was made evident in vitro, by various degrees of cellular 
injury. Quantitative measvurements of macrophage migration and of 
fibroblastic proliferation demonstrated the inhibitory effect of bac- 
terial extract on the growth of sensitive ceUs. The specificity of thk 
toxicity was proven by comparing it with the effect of other bacterial 
cytotoxic agents. 

No correlation was found between the degree of cutaneous reactivity 
to a given bacterial extract and the degree of sensitivity of splenic 
explant cells to the same extract in vitro. This suggests that sVio 
reactivity is not a reliable index of the degree of sensitivity of internal 
cells. ^ In these experiments the macrophages were found to be more 
sensitive to the specific toxicity of a crude bacterial extract than were 
the fibroblasts; this indicates that different cellular types within the 
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same animal exhibit different degrees of vulnerability to the same 
injurious agent. There was also no parallelism between the bacterial 
allergic skin reactivity and the amount of circulating antibody, a 
phenomenon which has been noted by others (4-8). 

The lack of correlation between the degree of cutaneous reactivity 
to bacterial extract and the degree of sensitivity of cells to bacterial 
extract in vitro suggests that possibly different chemical fractions of 
the extract may be involved in the two reactions. This viewpoint 
is supported by the observation that extracts of streptococci from other 
immunological groups gave positive cutaneous reactions when tested 
in animals infected with group C hemolytic streptococci but failed to 
exert a specific toxic effect when these heterologous group extracts 
were tested in vitro on cells sensitive to group C streptococcal extract. 
Other experiments (9) show that plasmas from infected animals 
containing immune bodies neutralize the toxic effect of bacterial 
extract on sensitive cells in vitro but fail to neutralize the substance in 
bacterial extract that induces cutaneous reactivity in sensitive animals. 
Recently, Cooke (10) and his coworkers demonstrated the coexistence 
of immune and skin sensitizing antibodies in the sera of pollen treated 
hay fever patients. They also noted clinical improvement with pro- 
duction of immune antibodies, although skin sensitivity was not 
altered, after pollen therapy. 

Comparison of tuberculin allergy (1) with group C hemolytic 
streptococcal allergy in guinea pigs shows many similarities and 
certain differences. The t)rpe of skin reactivity, and of cellular sen- 
sitivity to bacterial products in vitro are similar. Quantitatively, 
cellular sensitivity to tuberculin is more intense and persists longer as 
evidenced by transplantation experiments. The initial growth energy 
of explants from tuberculous animals is decreased during the acute 
toxic phase, while, on the other hand, the growth energy of explants 
from group C streptococcal infected animals is usually increased. 
This indicates that this particular hemolytic streptococcal infection 
stimulates cellular activity, at least from splenic explants. 

Martin (11) has recently reviewed the literature on investigations 
by various workers, which show that allergy and immunity can be 
dissociated and that the former is not necessary for the proper func- 
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tioning of the latter. The results of these experiments are in accord 
Avith the growing opinion that bacterial hypersensitivity or allergy is 
a harmful state since cells from infected animals display increased 
vulnerability to the toxic effect of bacterial products. Further 
studies on bacterial hypersensitivity by the tissue culture technique 
with particular reference to the mechanism whereby an infected 
animal may protect its sensitive cells from the toxic effect of bacterial 
products are in progress. 

SUMMARY 

1. Guinea pigs infected -with naturally pathogenic hemolytic strep- 
tococci (group C — ^Lancefield) develop a low grade chronic type of dis- 
ease characterized chiefly by purulent lymphadenitis. 

2. Cutaneous hyperreactivity to a crude streptococcal extract 
invariably occurred during the course of this infection. 

3. Production of antibodies (precipitins and agglutinins) was studied. 

4. The hemolytic streptococcal extract had a specific toxic effect, 
when tested in vitro, on cells from infected animals; this was shown by 
microscopic evidence of cellular injury, and by quantitative inhibition 
of cellular migration and growth. The specificity of the reaction was 
proven by testing with other cytotoxic substances. 

5. There was no parallelism between skin h)q)ersensitivity and 
humoral antibody titer. 

6. There was no correlation between the degree of skin reactivity to 
the bacterial extract and the degree of sensitivity of splenic cells to 
the toxic action of the same extract in vitro. 

7. Comparison of cellular sensitivity to tuberculin with cellular 
sensitivity to streptococcal extract in cultures of guinea pig tissues 
showed that the former was more intense and was more persistent on 
prolonged growth in vitro. 
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(Received for publication, May 28, 1936) 

For each lot of antipneumococcus horse serum there is a definite 
optimal amount which confers on mice the maximal degree of protec- 
tion against large numbers of pneumococci (1), With amoxmts of 
serum greater than this optimum, little or no protection is obtained. 
This negative effect is described as the “prozone.” Certain observa- 
tions have been reported as to the mechanism imderlying this phenom- 
enon (2), but a final analysis was not undertaken because of the curious 
fact that with antipneumococcus rabbit serum this prozone effect is 
not obtained. 

The present report consists of a comparative study of the protective 
action of antipneumococcus horse and rabbit serum in mice. 

EXPERIMENTAL 

Methods. — Tbe details of the general experimental methods have been given 
in a preceding paper (2), and may be summarized as follows: At determined 
intervals after infective inoculation, individual mice were sacrificed by deep 
ether anesthesia and immediately after death the peritoneal cavity of each animal 
was thoroughly washed out with 1.0 cc. of saline. Leukocyte counts were made 
on this fluid by the method commonly used for blood. Films of the peritoneal 
washings were stained by the Gram technic, and examinations made of a large 
number of contiguous microscopic fields. The numbers of extracellular and 
intracellular pneumococci were recorded, and also in the same fields the numbers 
of white cells showing phagocytosis and those which did not contain bacteria 
were noted. From these data the niunber of pneumococci per cubic millimeter 
of peritoneal washings could be calculated with reference to the determined 
number of white cells. 

The antipneumococcus horse and rabbit sera employed in these experiments 
possessed equivalent antibody content. The “optimal protective quantity*’ in 
each case was 0,05 cc. In order to demonstrate the prozone in the case of im- 
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mune horse serum, 0.4 cc. was used. The infective inoculum in eacli instance 
was 0.1 cc. of an 18 hour blood broth culture of a highly virulent Type I Pneumo- 
coccus. The total volume of each serum-culture mixture was 1.0 cc. Each 


TABLE I 


Summary of Observations on the Protective Action of Antipneumococcns Morse and 

Rabbit Sera 


Observation 

Time after 
infective 

0,4 cc. of serum 

0.05 cc. of serum 


inoculation 

Horse 

Kabbit 

Horse 

Rabbit 

Unsacrificed control mice 

Total No. 


19 

11 

62 

43 

No. surviving 


1 

11 

45 

39 

Survival rates, per cent 


6 

100 

73 

91 

Mean per cent of the total pneumo- 

IS min. 

2 

2 

11 

6 

cocci found intracellularly 

1 hr. 

s 

7 

39 

40 


2hrs. 

4 

38 

36 

69 


4 “ 

24 

97 

97 

100 

Extracellular pneumococci per 

15 min. 

26,390 

19,440 

20,800 

19,210 

c.mm. of peritoneal washings 

1 hr. 

25,740 

40,020 

4,070 

20,600 


2 hrs. 

101,980 

33,740 

20,580 

9,720 


4 “ 

216,460 

1,370 

690 

0 

Average No. of white cells per c.mm. 

15 min. 

2,320 

2,230 

1,970 

2,970 

of peritoneal washings 

Ihr. 

2,890 

1,880 

1,500 

2,770 


2 hrs. 

2,280 

3,940 

2,780 

2,430 


4 " 

5,340 

12,370 

8,900 

8,160 

Mean per cent of white cells active 

15 min. 

3 

6 

7 

8 

as phagocytes 

Ihr. 

3 

19 

16 

17 


2 hrs. 

9 

31 

5 

26 


4 “ 

34 

17 

5 

7 

Mean phagocytic indices (No. of 

15 min. 

14 

3 

43 

6 

engulfed pneumococci per ac- 

1 hr. 

7 

10 

14 

24 

tive phagocytic cell) 

2 hrs. 

22 

27 

34 

36 


4 

33 

16 

14 

13 


figure in the various protocols represents the mean of determinations on four or 
more mice. 

Experiments were arranged to compare the course of the infectious 
process under four conditions, viz., with optimal and wdth excess 
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amounts of horse and rabbit immune sera. The results of these studies 
are shovm in Table I. Figures which are considered more noteworthy 
for reasons to be cited, are shown in bold face type. 

On the basis of our present knowledge a complete analysis of these 
findings is exceedingly difl&cultj since many of the factors involved in 
the infectious process are often confusingly interrelated. It will 
suffice, however, to point out the essential facts and correlate these 
with the variables which appear to be related to the nature and 
amount of the immune serum. 

1. It will be noted that the survival rates were high except with the excess or 
prozoning amount of immune horse serum. 

2. The rate at which phagocytosis was accomplished was different for each 
amount of serum. There is a particularly striking differentiation, for ex- 
ample, at 1 hour. It will he noted that at this time, with both horse and 
rabbit sera, a large amount delayed the rate of phagocytosis. After this time 

“ period, however, the inhibitory effect of the excess amount of rabbit serum 
became less marked, whereas with the prozoning amoirnt of horse serum the 
inhibition remained. 

3. With regard to the number of extracellular pneumococci it should be indi- 
cated that the figures given are not absolute, and therefore minor differences may 
be disregarded. One point is very significant, however. With the prozoning 
amount of horse serum a very rapid and almost unchecked multiplication of 
bacteria occurred after the first hour. This result differs little from those previ- 
ously reported (2) with reference to the infectious process in the absence of im- 
mune serum. This effect is undoubtedly related to the marked inhibition of 
phagocytosis, as will be indicated below. It is presumed that some multiplication 
also occurred under the other conditions, but it is obvious that in the latter cases 
active phagocytosis tended to keep the number of extracellular pneumococci at 
relatively low levels. 

4. With respect to the numbers of peritoneal white cells it will be noted that 
during the first 2 hours there was little difference under the various conditions. 
At 4 hours, however, definite changes had occurred. Thus with the large amount 
of horse serum the mean number of white cells per cubic millimeter of peritoneal 
washings was 5,340, while with the corresponding amount of rabbit serum there 
were 12,370. There was no marked difference between the results when the two 
sera were used in smaller amounts. From these results it is obvious that the 
large amoimt of horse serum inhibited the leukocytic response, whereas with the 
corresponding amount of rabbit serum an exaggerated response was obtained. 

5. The figures with regard to the proportion of white cells active as phagocytes 
are obviously of comparative value only during the first hour, since in this phase 
of the infection the numbers of bacteria and numbers of cells were similar irrespec- 
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tive of the amount and species source of the immune serum. Within the earlier 
time periods only one fact is outstanding: large amounts of immune horse serum 
inhibit phagocytosis, whereas with immune rabbit serum in the same quantity 
the result obtained is unaltered from tliat with the optimal protective quantity. 

6. With respect to phagocytic indices, it has previously been pointed out that 
this index is partly conditioned by the tightness with which the pneumococci 
are agglutinated. For example, with large amounts of serum one observes that 
the capsules are definitely more swollen than when smaller amounts of serum are 
employed, and consequently in the former case fewer individual bacteria are 
found in clumps having the same dimensions. Since immune rabbit serum pro- 
duces an even greater degree of capsular swelling, it was expected that these 
phagocytic indices might be somewhat lower. These predictions were borne out 
by the results observed during the first hour, but the indices after this time are 
probably of little significance because of other changes which had occurred. 

It would be fortunate indeed if one could take these several deter- 
mined variables and from them, either directly or after suitable weight- 
ing, determine the quantitative importance of the various factors 
involved in the protective action of immune serum. At this time, 
however, an analysis of this order is not possible. 

These observations permit the conclusion that the prozone in pro- 
tection tests with antipneumococcus horse serum is due primarily to a 
marked inhibition of phagocytosis brought about by the use of an 
excess of serum. This inhibition is so extreme during the first 2 hours 
(the monocytic phase (2)) that rapid multiplication of the pneumo- 
cocci occurs. Subsequently (during the polymorphonuclear phase) 
this inhibition is not apparent, but for the complete removal and de- 
struction of the now enormous number of bacteria the number of white 
cells is insufficient, since with the large amounts of horse serum the 
leukocytic response is decreased. With comparably large amounts of 
rabbit serum there is no inliibition of phagocytic activity at any time, 
but the rate of removal of bacteria is somewhat low in the earliest 
phases of the process because of the low phagocytic index, which in 
turn is dependent upon the marked capsular swelling induced by rabbit 
serum. 

Although these experiments give information concerning the manner 
in which the protective process is modified by prozoning amounts of 
immune horse serum, they offer no satisfactory answer to the question 
as to the primary cause of this result. 
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The more ob^^ous explanation is that immune horse serum contains 
some substance which inhibits phagocytosis per se, and that this sub- 
stance is not present in immune rabbit serum. It has already been 
reported (2) that various sera, protein solutions, etc., inhibit the 
phagocj'tosis of rough pneumococci. Experiments were therefore 
carried out to determine the comparative inhibitor}^ effects of horse 
and rabbit serum under these conditions. It was found that both of 
these sera, if used in large amounts, produce a definite and almost 
equal inhibition of phagocytosis of rough pneumococci, but that this 
effect is only apparent immediately after the injection of serum and 
culture. By the end of the first hour the phagocytic rates in animals 
which had received either of the sera were quite similar to ‘those foimd 
in gniTnalf; receiving no serum. At no time did the i m mune horse 
serum cause an inhibition of phagocytosis greater than that produced 
by immune rabbit serum. 

As a second method of study, experiments were carried out in which 
various heterologous materials were added to the injection mixtures of 
type-specific immune sera and virulent Type I pneumococci. 

The results of these experiments are shown in Table IE. It will be 
noted that with the optimal protective amount of this lot of horse 
serum the survival rate was 74 per cent. With four times this amount 
the rate was only 25 per cent. Neither egg white nor normal rabbit 
serum caused a significant reduction m the expected survival rate. 
The rate with Type II antipnemnococcus horse serum was decreased. 
With a concentrated antimenmgococcus horse serum, and with the 
serum of a rabbit fed with cholesterol for 10 days, a very marked de- 
crease in the rate of survival was obtained. The contrasting results 
with normal and with lipemic rabbit serum are very striking. 

With immune rabbit serum, on the other hand, not only does an 
excess amount fail to produce a prozone, but no significant inhibition of 
protection is obtained upon the addition of the various heterologous 
materials. 

These findings lead to certain deductions as to the essential causa- 
tion of the prozone phenomenon with antipneumococcus horse serum. 

1. From the studies on the phagocytosis of rough pneumococci it is 
apparent that immime horse serum contains no unique heterologous 
inhibitory substance. 
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2. It is possible, however, that the prozoning effect is directly re- 
lated to some property of the specific antibody or to some property of 
the resultant of antigen-antibody union. This possibility is strongly 
supported by certain experimental facts: (a) The prozone is obtained 
with immune horse serum and not with immune rabbit serum. (&) 
The prozoning effect with immune horse serum is greater the higher 
the antibody content (1). (c) The protective action of optimal 

amounts of antipneumococcus horse serum may be blocked by certain 


TABLE II 

Effect of Heterologous Materials on the Protective Action of Antipnctmococcus Sera 


Each mouse received O.l cc. Type I pneumococcus 

Antipncumococcus 
horse serum 

Antipncumococcus 
rabbit scrum 

broth culture plus the following reagents 

Total 

mice 

Sur- 

vival 

Sur- 

VUTll 

rate 

Total 

mice 

Sur- 

vival 

Sur- 

vival 

rate 




per cent 

mm 

■1 

per cent 

0.05 cc. specific immune serum 

38 

28 

74 

19 


100 

0.2 " " “ “ 

16 

4 

26 

mm 

■9 

100 

0.05 ** ** “ “ + 0.15 cc. 

egg white 

17 

12 , 

71 

12 

12 

100 

0.05 cc. specific immune serum + 0,15 cc. 
normal rabbit serum 

17 

11 

65 

12 

11 

92 

0.05 cc. specific immune serum -}- 0.15 cc. 
Type II antipneumococcus serum 

16 

’ s 

60 

12 

12 

100 

0.05 cc. specific immune serum + 0.15 cc. 
concentrated antimeningococcus serum 

17 

4 

24 

12 

12 

100 

0.05 cc, specific immune serum + 0,15 cc. 
lipemic rabbit serum 

19 

4 

21 

12 

12 

100 


heterologous reagents. The contrary is true with immune rabbit 
serum. 

3. These results support the view that the prozone is due primarily 
to a unique property of the horse antibody and secondarily to some 
heterologous component of the immune serum, possibly of a lipoidal 
nature. It is conceivable that the immune reaction product witli 
antipneumococcus horse serum may have the capacity to combine 
with some detrimental lipid component of the serum. This conjec- 
ture is supported by chemical studies as to the lipid content of immune 
aggregates (3). It has been found, for example, that immune precipi- 
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tales formed by the union of capsular polysaccharide and antipneumo- 
coccus horse serum selectively adsorb cephalin, while those formed 
with inunune rabbit serum fix lecithin. 

That the results in protection tests with antipneumococcus horse 
serum should be different from those with specific immune rabbit 
serum is not surprising in view of their many distinctive properties. 

SUMMARY 

1. Type I antipneumococcus horse serum, in amounts exceeding a 
characteristic optimum, fails to protect mice against infection with the 
homologous type pneumococci. This failure is due to a marked in- 
hibition of the phagocytic mechanism in the earlier stages of the 
infectious process. On the other hand, antipneumococcus rabbit 
serum in similar quantities does not inhibit phagocytosis, nor does it 
block the protection. 

2. The experimental evidence suggests that the prozoning action of 
immune horse serum is due primarily to some characteristic property 
of the specific antibody and secondarily to an heterologous component 
of the serum, ineffective in itseff but acting through the mediation of 
the antigen-antibody combination. This secondary factor may be a 
Upid. 
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THE PROTECTIVE ACTION OF TYPE I ANTIPNEUMO- 
COCCUS SERUM IN MICE 

V. The Effect of Added Lipms on the Protective Mechanism 

By KENNETH GOODNER, Ph.D., and FRANK L. HORSFALL, Jr., M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication. May 28, 1936) 

In preceding papers (1, 2) it has been reported that Type I anti- 
pneumococcus horse serum, in amounts exceeding a characteristic 
optimum, fails to protect mice against infection with the homologous 
type pneumococci. This effect was shown to be associated with a 
marked inhibition of the phagocytic mechanism in the earlier stages of 
the infectious process. Antipneumococcus rabbit serum in similar 
quantities does not produce this prozone phenomenon. 

The available evidence (2) suggested that the prozoning action of 
inumme horse serum is due primarily to some characteristic property 
of the specific antibody and secondarily to an heterologous compo- 
nent of the serum, ineffective in itself but acting through the mediation 
of the antigen-antibody combination. There was a strong suggestion 
that this secondary factor was lipid in character. 

The present report deals with the effect of isolated and purified lipids 
on the protective action of antipneumococcus serum. 

exfeeimentai- 

The various technical procedures used in the protection tests and in 
the analysis of its mechanism have been detailed in previous papers 
(1-3). Type I antipneumococcus horse and rabbit sera have pos- 
sessed equivalent antibody content. 

Ledthin and cepbalin were prepared by methods outlined in detail elsewhere 
(4). Chemical analyses have shown that these phosphatides possessed a high 
degree of purity. The cholesterol used was a commerdal preparation of ortho- 
cholesterin (Schuchardt). Cholesterol oleate was obtained through the courtesy 
of Dr. I. H. Page. Solutions of these reagents were prepared by slightly different 
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methods, but the general procedure involved the preparation of saturated alco- 
holic solutions except in the case of cephalin where ether was employed as the 
solvent. Suspensions or solutions of the required strengths were made from these 
solutions by dilution in physiological saline. Cephalin solutions prepared in this 
fashion are water clear. With the other lipids, opalescent colloidal suspensions 
are obtained. 

The amounts of lipid employed varied from 0.1 to 0.4 mg. per mouse (17 to 
23 gm.). In each case this amount of lipid formed a part of a 1.0 cc. inoculum. 
These amounts are well within what might be called a physiological range. Aver- 
age figures for the lipid content of serum may be listed as follows; 

Total lipid 2.0-1 Sd) mg. per cc. of scrum 

Free cholesterol 0.2- 1.3 “ “ “ " " 

Cholesterol esters O.S- 5.0 “ “ “ “ “ 

Phosphatides 0.3- 3.5 “ “ " " “ 

T//e Effect of Added Lipids on the Protective Action of Antipneumococcus 

Horse and Rabbit Sera 

Various amounts of purified lipids were added to combinations of 
specific immune sera and Tj^ie I pneumococci. The summarized re- 
sults of these experiments are shown in Table I in terms of percentage 
survival. Since within this range the amount of each lipid used gave 
results which differed but little (with one exception), only the com- 
bined survival rates will be considered in this analysis. 

With antipneumococcus horse serum lecithin produced no significant 
change in the expected survival rate. The addition of either cephalin, 
cholesterol, or cholesterol oleate, on the other hand, tended to block 
the protective action of the immune serum. In experiments not sum- 
marized in the protocol, it was found that crude commercial lecithin 
(Merck) also inhibited protection. 

With antipneumococcus rabbit serum no important alteration in 
survival rate was obtained by the addition of any of these lipids. The 
lowest rate was with cephalin but the difference as against the controls 
is scarcely significant. 

These results may be better understood in the light of certain find- 
ings with reference to the lipid content of immune aggregates (5). 
Thus it has been found that the lipid adsorbed upon the immune pre- 
cipitate formed on the interaction of antipneumococcus horse serum 
and capsular polysaccharide consists of cholesterol, cholesterol esters, 
and cephalin. That adsorbed upon immune rabbit serum precipi- 
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tates contains similar amounts of the cholesterols, but the phosphatide 
is lecithin. In a sense, then, one may say that the reaction of the 
capsular polysaccharide with the horse antibody fixes cephalin, while 
that with the rabbit antibody fixes lecithin. This occurs not only 
under ordinary conditions, but also upon the addition of purified 
lipids to the reactive mixtures. Moreover, as has been pointed out 
by other workers, lecithin and cholesterol are antagonistic in an im- 
munological sense (literature on lipid antagonisms reviewed by 


TABLE I 

Effea of Added Lipids on the Protective Action of Type I Antipneumococcus Sera 


Immune serum 

Added lipid 

No lipid 
added 

Amount of added lipid 

ifcan 

sur\'i\’al rate 
incspecti\'c 
of amount of 
lipid added 

0.4 mg. 

0.2 mg. 

0.1 mg. 

Antipneiunococcus 

None 

71 




1 71 

horse serum 

Lecithin 


69 

j 80 

87 

78 


Cephalin 


13 

13 

33 

20 


Cholesterol 


30 

21 

44 

36 


Cholesterol oleate 


0 

38 

88 

42 

Antipneumococcus 

None 

96 j 



j 

96 

rabbit serum 

Lecithin 


100 

90 

90 

93 


Cephalin 


86 

85 

80 

83 


Cholesterol 


94 

89 

89 

91 


Cholesterol oleate 


100 

100 

100 

100 


Figures indicate survival rates. Average of fifteen mice for each combination 
of lipid and immune serum. Each mouse received 0.1 cc. Type I pneumococcus 
broth culture, 0.05 cc. immune serum, and indicated amount of lipid. 


Degkwitz (6)). In the light of these observations, and assuming that 
both cephalin and cholesterol tend to block protection, it is possible 
that the lipids adsorbed in the case of rabbit reactions are not inhibi- 
tory because the lecithin tends to offset the action of the cholesterol. 
The addition of cephalin is without effect because it is not fixed. In 
the case of antipneumococcus horse serum all of the adsorbed lipids are 
inhibitory to protection, hence the addition of either cephaUn or cho- 
lesterol tends to reduce the protective action. 

In addition to the foregoing experiments others were undertaken in 
which combinations of lipids were added to protection tests set up 
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with antipneumococcus horse serum. The results of one such experi- 
ment are shown in Table II. 

It will be noted that while the addition of lecithin did not alter the 
general survival rate both cephalin and cholesterol tended to block the 
protective action of the immune serum. On the other hand, when 
cholesterol and lecithin were added together the blocking action of the 
added cholesterol was eliminated. No significant degree of protection 
was obtained in either combination in which cephalin was present. 

These results indicate that with combinations of lipids, lecithin 
offsets the effect of the added cholesterol. Since it is known that 
lecithin is not fixed by the union of capsular polysaccharide and the 


TABLE II 

The Effect of Combinations of Lipids on the Protective Action of Type I Antipneumo- 

cocciis Horse Serum 


1 

No. of mice 

No. surviving 

Survival rate 

Controls without lipid 

50 

36 

per cent 

72 

Lecithin added 

10 

8 

80 

Cephalin added 

10 

2 

20 

Cholesterol added 

8 

2 

25 

Lecithin and cephalin added 

8 

1 

13 

Lecithin and cholesterol added 

8 

7 

88 

Cholesterol and cephalin added 

8 

2 

25 




In each instance 0.05 cc. of immune serum, 0.1 cc. of culture, and 0.2 mg. of 
the respective lipid were injected. 


antibody of immune horse serum, it must be assumed that the added 
lecithin has produced this effect in some other manner. In chemical 
studies it was found that the addition of lecithin to a reacting mixture 
of immune horse serum and specific capsular polysaccharide greatly 
diminishes the amount of cholesterol adsorbed on the immune precipi- 
tate. In these combinations, therefore, the action of the lecithin is an 
indirect one, since it simply tends to block the fixation of the added 
inhibitor, cholesterol. 

These results indicate that the lipids affect protection through their 
participation in the antigen-antibody reaction either directly or 
indirectly. It seems possible that the adsorbed lipids may affect the 
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properties of the sensitized pneumococci in such a manner as to render 
them less readily phagOGj^ted, and thereby inhibit the protective action 
to be expected from the immune serum. 

In order to approach this possibility directly, studies were carried out 
upon the rate of phagocytosis of sensitized pneumococci as influenced 
by lipids. The results of these experiments are shown in Table III. 
Each figure represents the average of determinations on three or more 
mice. 

From these results it will be noted that with immune horse serum 
both cephalin and cholesterol caused a marked inhibition of phagocy- 

TABLE m 


Effect of Added Lipids on the Rate of Phagocytosis of Sensitized Pneumococci 


fiadi mouse received 0.1 cc. Tvt>e 1 Dneumococcus broth 

Cells active 
as 

phagocytes 
during Ist 
hr. 

Pneumococci intracellular 


culture plus the following reagents 

1 hr. 

2 hrs. 

4 hrs. 

0,05 CC. immune horse serum 


11 

percent 

39 

Per cent 

36 

Per cent 

97 

It ({ 

tt tt 

It 

4“ 0.4 mg. cholesterol 

3 

2 

13 

51 

<( 

tt tt 

tt 

+ “ “ lecithin 

9 

30 

22 

87 

tt It 

tt tt 

tt 

+ “ » cephalin 

2 

10 

8 

67 

ti ti 

“ rabbit 

tt 


13 

40 

69 

100 

u tt 

tt tt 

tt 

4- 0.4 mg. cholesterol 

14 

7 

64 ! 

98 

tt tt 

It tt 

tt 

4- “ lecithin 

10 

21 

48 

96 

tt tt 

tt tt 

tt 

4- “ “ cephalin 

10 

9 

30 

88 


tosis as judged not only by the number of cells active as phagocytes 
but also by the intracellular disposition of the pneumococci. With 
immune rabbit serum neither of these lipids produced "a significant 
alteration in the phagocytic rates. 

DISCUSSION 

These findings demonstrate that added lipids affect the protective 
action of antipneumococcus serum by direct or indirect participation 
in the process of specific sensitization of the microorganism by the 
antibody of immune serum. Thus the result depends not only upon 
the character of the particular lipid but upon the properties of the 
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antigen-antibody complex as well. It has been found by chemical 
studies that when the antipneumococcus antibody from the horse 
combines with the specific capsular polysaccharide, there occurs an 
adsorption of cholesterol and cephalin, but that with the antibody from 
the rabbit, cholesterol and lecithin are adsorbed. In the present paper 
it has been shown that the addition of cholesterol and of cephalin 
blocks the protective action of antipneumococcus horse serum but 
does not materially affect the protective action of antipneumococcus 
rabbit serum. In the latter instance cephalin is not effective, since it 
does not enter into the reaction. ' The negative effect of the cholesterol 
is undoubtedly offset by the antagonistic action of lecithin which does 
participate. 

These findings have a direct bearing on a second problem. Amounts 
of horse serum, in excess of a definite optimum, fail to protect mice. 
This phenomenon, which has been termed the protective prozone, is 
not obtained with antipneumococcus rabbit serum. In previous work 
it was shown that this prozone effect was in a measure conditioned by 
the nature of the antibody and also partly by some secondary com- 
ponent of the immune serum, possibly lipid in nature. The present 
results offer an explanation for the prozone phenomenon, for it is 
obvious that increasing the volume of serum not only gives an added 
amount of antibody, but also increases the lipid available for adsorp- 
tion. The fact that the prozone phenomenon occurs with the im- 
mune serum of one species and not with that from another is expli- 
cable on the basis of selective lipid adsorption. 

SUMMARY 

1. The addition of small amounts of cholesterol and of cephalin 
reduces markedly the protective action of antipneumococcus horse 
serum. 

2. These lipids do not affect the protective action of antipneumo- 
coccus rabbit serum. 

3. These findings may be explained (o) by the selective adsorption of 
lipid on the antigen-antibody complex, and {h) by certain lipid an- 
tagonisms. 

4. The failure of large amounts of immune horse serum to protect 
mice against pneumococcus infection is explicable on the basis of 
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selective participation of lipids dependent upon the species from which 
the antibody is derived. 

5. The lipids modify the results of protection tests only through 
participation in the process of specific sensitization. 
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DERIVING THEREFROM 

I. The Ineluence of the Host Species and of the Pathogenic 
Activity and Concentration of the Virus 
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The carcinomas deriving from the papillomas induced with a virus 
in domestic rabbits (1) have this virus as their primary cause. The 
present paper is concerned with the carcinogenic effect of various 
strains of the virus, — ^meaning thereby the infective materials pro- 
cured from the ^^spontaneous’’ papillomas of different cottontail 
rabbits, — and with the influence of the concentration of the inoculum, 
and the method whereby it is introduced. In corollary certain im- 
usual tmnors will be described which have followed upon the papillo- 
matosis engendered by the virus in a cottontail rabbit. 

Virus Conceniratim as Ajffecting Cancer Incidence 

Many domestic rabbits have been inoculated into scarified skin 
areas of standard size with serial dilutions of virus or with sermn 
mixtures in which it had been partially neutralized incidentally to 
titration tests (2). Some of these animals have been retained for 
months, xmtil malignancy developed. The records made, of the time 
of appearance and situation of the cancers, show that the more con- 
centrated the inoculum the sooner and oftener, in general, did cancer 
appear. 

The method of inoculation has already been detailed. The various 
materials were rubbed into scarified squares about 4 cm. across, 
situated on the belly and lower sides of the test animals. The emerg- 
ing growths ranged from solitary or scattered papillomas, punctate 
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in origin, to masses of confluent papillomatosis occupying the entire 
square. All concentrations of virus beyond a certain minimum gave 
rise forthwith to growths of the latter sort, these appearing at about 
the same time, looking alike, and behaving in the same way. Inocula 
containing slightly less virus than the minimum mentioned caused 
crowded, discrete papillomas which became confluent masses after a 
few days, a negligible interval when compared with the many months 
that often elapsed before cancer appears at even the most favorable 
site. During the long precancerous period, the scattered or solitary 
papillomas produced by still more dilute virus frequently enlarged to 
a diameter of several centimeters or united to form a broad mass of 
precisely the same appearance as if the area had been papillomatous 
from the beginning; and throughout this period all of the growths of 
any one rabbit behaved in the same way with rare exceptions, all 
enlarging, becoming stationary, or retrogressing together. It was to 
have been expected that the larger the area involved primarily in 
papillomatosis the more often in general would cancer occur, and 
needless to say this was the case. But a further fact presented itself: 
Cancer appeared soonest and most often, generally speaking, in those 
areas of confluent papillomatosis which had resulted from the most 
concentrated inoculum, — this although other areas had been covered 
with confluent growths of precisely similar aspect, for the same 
length of time. Some illustrative instances follow: 

1. A "departiculated” (3) 25 per cent extract of virus W. R. 1240 was prepared 
(4 cc. of TjTode to every gram of glycerinated cottontail papilloma), a portion 
was diluted to 10 per cent, and part of this was passed through a Berkefeld filter 
V, with further dilution of the filtered and unfiltered materials in multiples of 
10. All the fluids were then inoculated into squares on domestic rabbit K 9-5 
(Table I). The symbols employed to record the character of the growths that 
arose as result of the inoculations were: -1 — , one or two discrete papillomas; -f, a 
small number of discrete papillomas; -f-J-, many discrete papillomas; -b-H-, 
semiconfluent papillomatosis; -f -b -b -f , confluent papillomatosis. Tracings were 
made of the growths at interv'als of a few days or weeks, but the system of plus 
marks employed in the tables gives a better inde.x of how they were constituted. 
They often increased in size greatly, but their number did not do so after the first 
few weeks. Most of the records made during the long precancerous period have 
been omitted from the tables. 

The cancers that developed from the papillomas were ulcerated, fungoid or 
depressed, invasive and destructive tumors, arising in the papilloma. All of them 
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progressed, most metastasi^cd, and they regularly led to death of the animal. 
The histological findings confirmed the clinical diagnosis. 

Table I shows that where the three most concentrated materials had been 
inoculated the growths were primarily confluent, that by the 47th day those from 
several of the other inocula had become semiconfiuent, and that at the 96lh day 
five confluent masses of approximately the same size were present, with two others, 
semiconfiuent and somewhat smaller. Thereafter all retained the same general 
aspect and relative proportions until the 7th month when ulcerating, invasive 
cancers appeared in the two masses due to the most concentrated inocula. 

2. Rabbit 3-74 (Table II) was inoculated with mixtures of departiculated 
virus W. R, 632 and the partially neutralizing sera of papillomatous rabbits. A 
control mixture with Tyrode solution was also employed in duplicate. The latter 
gave rise promptly to diffuse papillomatosis, whereas the most pathogenic of the 
serum mixtures produced growths that remained semiconfluent during many 
weeks. After some months, however, this difference disappeared, and when all 
the masses were measured on the 186th day, six of them had practically the same 
size and an identical appearance. By the 247th day ulcerative, spreading cancers 
had appeared in two of them, namely those deriving from the inocula w’hich had 
given rise forthwith to confluent growths. These were the control mixtures with 
Tyrode. By the 275th day another cancer had established itself, as result of the 
inoculum in which the virus had undergone least neutralization. 

3. D. R. 4-91 (Table III). Mixtures were made of virus suspension vdth 
serum specimens taken from three normal jack rabbits {Lepus californicus, Gray) 
and an animal (rabbit IV) of this species which had a “spontaneous" papilloma (4). 
This last spedmen neutralized the virus almost completely, while those from the 
other individuals proved somewhat less favorable to it than the Tyrode of a control 
mixture. By the 41st day, however, the growths from four of the inocula were 
confluent, and from that time on their aspect was identical. Cancer did not put 
in an appearance until the 300th day, and then only where the vinis-Tyrode mix 
ture had been introduced. 

4. D. R. 3-16 (Table IV) was inoculated with graded dilutions of virus 632. 
The growths produced by the 1 per cent and 10 per cent virus w’ere luxuriant from 
the first, and indistinguishable in their character, but those from the lower dilu- 
tions appeared later and never reached the same size. By the 428th day cancer 
had appeared in the mass due to 1 per cent virus, and by the 447th day in that due 
to the 10 per cent preparation. 

Additional instances of the phenomenon here illustrated could be 
provided were this necessary. In two of the tabulated experiments 
the virus was not diluted with Tyrode but instead was partially 
neutralized with immune serum. This has the same effect as dilu- 
tion. it acts to cut down the number of effective virus entities, not to 
alter their pathogenic capabiUties (2). The tables show that the 



Cancer Incidence as Determined by Virus Concentration 
TAm.R 1. Test rabbit D. R. K 9-5, inoculated v.’ith graded dilutions in Tyrode of virus W. R. 1240. 
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concentration of virus employed to produce confluent papillomatosis 
notably influenced the incidence of the cancers. The reasons for 
this become plain when one considers the composition of the virus- 
induced growths. 

Composition of the Papilloma as Determined by Virus Concentration 

The papillomas result from the multiplication of those cells which 
become infected with the virus at the time of inoculation, no dis- 
cernible involvement of neighboring elements taking place. It 
follows that the growths are inevitably multicentric in origin and 
composite in character, save in those presumptive instances in which 
the initial infection has involved but one cell. Often the appear- 
ance of the solid growths resulting from broadcast inoculation of 
scarified areas gives no hint of their composite nature. But in not 
infrequent cases portions of the mass are gray with pigment while 
others are pink (Fig. 1). The virus infection frequently discloses 
the existence of local differences in the skin that are imperceptible 
while it is normal, the young, multicentric growth being spotted or 
stippled in various shades of gray (Fig. 2). If the centers of pro- 
liferation are numerous and crowded, the growtli may assume a pepper 
and salt aspect, or be evenly gray, a color which darkens as the pro- 
jecting mass keratinizes and dries. The diversity of hue is due to the 
inclusion of stimulated melanoblasts in certain of the proliferating 
cell aggregates, as not in others. 

Successive tracings of confluent papillomas, notably of those assum- 
ing this form secondarity, have disclosed the fact that many of the 
clefts separating them into peaks, or larger subdivisions, are the 
boundary lines between all hosts of differing lineage, deriving from 
different cell-virus associations, that is to say. These clefts may per- 
sist for many months. Often after a time cell families of greater vigor 
than their neighbors proliferate at the expense of the latter, pressing 
these to one side, perhaps extending more deeply into the connective 
tissue (Fig. 3) and forming usually discrete, squat domes or onion- 
shaped growths (Fig. 4). These are often nonpigmented or only 
slightly so, in contrast to the rest of the mass, and they are notably 
liable to cancerous change, as we have often observed, a matter which 
will be discussed further on. To what their proliferative vigor is due. 
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whether to the influence of exceptionally active or numerous virus 
entities, or to a special susceptibility of the cells primarily infected, 
or to some unusual suitability of virus entity and individual cell, 
cannot at this writing be said. Whatever the reason, it is plain that 
some cell-virus associations are especially favorable to proliferation. 
The more concentrated the virus introduced into a given expanse of 
scarified skin the greater should be the number of such associations; 
and the greater in consequence the likelihood of cancer. 

In another way the virus concentration may influence cancer in- 
cidence, namely by bringing about a crowded condition wdthin the 
proliferating mass. WTiere competing ceU families are most numerous 
crowding will be most pronounced, the epithelium most disordered, 
the supporting connective tissue most disturbed, and bacterial infec- 
tion most frequent — conditions aU that further malignant change (1). 

An important inference for experimentation follows from the ob- 
servations as given: If one wishes to obtain cancers as soon as possible 
after inoculation one should introduce concentrated virus into consid- 
erable skin areas. Malignancy will ensue only after months of 
proliferation at the earliest and generally where the papilloma is 
oldest. Growths that have arisen by enlargement from one small 
inoculated spot contain but a small proportion of old papillomatous 
tissue as compared with others of the same size that have been con- 
fluent from the beginning. It is no accident that cancers appearing in 
growths of the first sort are usually situated near their center; for here 
the papilloma is oldest, and favoring local disturbances have been 
present longest. 

The Carcinogenic Activity of Virus Materials of Differing Derivation 

The more vigorously the papillomas grow the sooner and oftener 
does cancer occur. Recognizing this we have ordinarily discarded those 
virus materials which were prone to produce retrogressmg or indolent 
papillomas. In comparing the carinogenic potentialities of the more 
pathogenic strains, not only must the method of inoculation and the 
concentration of virus be taken into account, but many other in- 
fluences. The papillomas of Dutch belted rabbits grow especially 
well, and hence they are more favorable to malignancy tVian agouti 
rabbits; the general character of the skin of animals of the same breed 
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has some influence; and so too has the local skin character, cancer 
developing much more frequently in black haired regions than in white 
ones of the same individual. Certain interferences with the papilloma 
precipitate the malignant change (1), and to these we have often 
resorted. Because of these complicating factors and the variety of 
our experiments, it is difficult to analyze them as a whole. This 
much is clear from them however, that every virus material which gave 
rise to papillomas that grew progressively in several animals for many 
months proved carcinogenic in one or more of them, irrespective of the 
animal breed and of whether the inoculation had been into scarified 
areas or by tattooing into a number of small spots. Chart 1 records 
the incidence and time of appearance of cancer after inoculation of the 
four virus materials most extensively used. They were all inoculated 
as 3 per cent or 10 per cent extracts of glycerinated papiUoma tissue. 
To narrow the conditions of comparison, only those animals are 
entered in the chart which were of agouti or Dutch breed, inoculated 
in one of the two ways just mentioned, and as result carrying papill- 
omas which had grown progressively during the first 3 months, without 
later tendency to retrogress. This entailed the omission of a large 
proportion of the data. 

Cancer never asserted itself clinically before the 4th month after 
inoculation, at earliest after 132 days, in an animal not charted be- 
cause it had been inoculated with a strain of virus (W. R. 18) employed 
in a very few rabbits. Of the viruses figuring in the chart, W. R. 
538-1-638 had the shortest incubation period, giving rise to papillomas 
within 7 to 14 days, and W. R. 632 tlie longest period, 11 to 25 days, 
W. R. 738 and W. R. 1240 occupying intermediate places (papillomas 
after 10 to 19 days). In most instances the growths produced with 
W. R. 538-f 638 were progressive, whereas many caused by W. R. 
632 disappeared after a few weeks and a large proportion of the others 
retrogressed subsequently. This material was extensively used be- 
cause of its suitability for experiments on the antiviral power of the 
blood. Retrogression was considerably less frequent with strains 
W. R. 738 and 1240. 

\Mien Chart 1 is scrutinized it will be seen that the more active the 
virus material, as e\'idenced by incubation period and subsequent 
course of the papillomas, the earlier did cancer appear. The fre- 
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quency of malignancy varied directly ivdth the vigor of the growths, 
in accordance with our previous experience, but on this point the chart 
provides no information. Several materials have proved carcinogenic 
besides those tabulated. Virus W. R. 18 which gave rise to the earliest 
cancer thus far noted was as actively papillogenic as virus 538+638, 
if not more so. Virus 738 still caused cancer after passage through a 
snowshoe rabbit {Lcpiis amcricanus, Erxleben). 
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Chart 1. Virus strain and cancer incidence. Each symbol stands for the 
growth in one rabbit, and only those rabbits have been considered in which the 
papillomas grew well. A black symbol means the occurrence of cancer in the 
month designated, and a white s3mibol that no malignancj" had appeared in the 
existing papillomatous tissue to the time of record, which was either that of last 
examination or of death. 

The Incidence of Cancers in Cottontail Rabbits 

From one to three rabbits of every shipment of 24 coining from our 
source of supply in southern Kansas has had somewhere on its gkin 
a virus-induced papilloma or several of them; and this although the 
dealer has endeavored to retain all animals carrying such growths. 
He traps many thousand rabbits yearly, and it is to his interest to 
send us those having ulcerated lumps in association with papillomas, 
but of the several thus far received none has proved cancerous, nor has 
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Shope encountered any in the several hundred cottontails he has 
utilized. Malignancy is evidently a rare event, but it does occur, for 
Syverton and Berry have described an instance (5), and we have now 
noted one. Theirs was a metastasizing squamous cell carcinoma first 
noted developing from a ‘^spontaneous’^ growth 85 days after the 
cottontail came under observation. 

In our laboratory five cottontails with notably vigorous growths 
have been maintained for periods of 14 to 23 months and four more 
for from 9 to 11 months. The growths were due in most instances to 
carcinogenic virus strains. Of the three animals surviving 23 months, 
one ultimately developed both a carcinoma and a metastasizing 
sarcoma. It had received especially active virus. 

W. R. 26 was inoculated by the tattooing method with 5 per cent virus 
538 +638 at two spots 2 mm. across near the tip of each ear. Scharlach R in olive 
oil was injected beneath one of each pair of the discrete growths that soon ap- 
peared, and this was done twice again at intervals of a few weeks. The growths 
thus stimulated became somewhat the larger, and remained so later. By the 8th 
month all were enormous, radish-shaped cutaneous horns, tough and black, with 
turgid, darkly pigmented, fleshy bases (Fig. 5), and such they continued to be 
throughout almost another year. Then the homy masses began to flake a^vay 
(Figs. 6 and 7), the pigmentation of their discrete, slaty bases was gradually 
replaced by a purply pink hue, and discrete protuberances of rounded or football 
shape, ranging up to 1.4 cm. in diameter, formed at several places on the tense 
margins of the growths on one of the ears (Fig. 6). Biops}' of such a protuberance 
yielded the picture of an orderly, cellular fibroma, with almost no mitoses; and 
during the next 2 months they all dried into brown, nut-like masses as if their 
circulation had been cut off. Meantime the cutaneous horns became irregularly 
striated, they dried down to the ear level and largely flaked away, and at some 
points a narrow, raised, very firm ring of new tissue appeared about them, sepa- 
rated from them by a narrow cleft. The ring was largest about the biggest horn, 
which was now buff-colored and apparently calcified in its basal portion, with a 
slight thickening and scabbing directly beneath it on the under side of the ear. 
Biopsy showed the ring to consist of keloid-like tissue with cancellous bone in its 
midst. During the ensuing and final month, a discrete nodule, apparently of the 
same keloid tissue, about 3 mm. across and 2 mm. high, developed some 6 mm. 
away from the largest horn on the other ear, toward the base. The animal died 
after 683 days in all. At this time nearly all of the horny material had recently 
come away, leaving flat ulcers. The microscope showed beneath these on both 
cars, slightly thickening them, an uncncapsulatcd spindle cell sarcoma, which in 
some regions contained neoplastic giant cells. It had penetrated to the inner side 
of one ear, occupying the scabbed region already mentioned as opposite the buffy, 



PEYTON ROUS, JOHN G. KIDD, AND J. W. BEARD 


395 


dead papilloma, but it had caused only a slight protrusion there. The discrete, 
small nodule near the horn on the other car consisted of sarcomatous tissue. There 
TK-ere numerous small metastascs replacing but not greatly enlarging the lymph 
glands at the base of both ears, a larger metastasis 6 mm. across in a salivary- gland 
adjacent to one of them (Fig. 11) and numerous secondaiy’ growths up to 4 mm. 
across in the lungs. At all these situations the growth was a simple, spindle cell 
sarcoma. Remarkably little living papilloma persisted where it had grouTi 
vigorously for so long; but at one of its original sites where a proliferating small 
remnant of it was still present an indubitable squamous cell carcinoma (Fig. 10) 
had almost entirely replaced it. The cancer was only about 1 cm. across, very 
shallow, — ^nowhere more than 2 mm. thick, — and it was situated well away from 
the sarcoma. Its cells were not joined to those of the papilloma, but had engulfed 
some of the melanotic pigment of the latter where they were destroying it, and at one 
point they had penetrated into the new-formed cancellous bone. 

In this instance repeated biopsies had failed to disclose the existence 
of either the sarcoma or the carcinoma, and these growths gave so little 
indication of their character during life that they were lost for experi- 
mental purposes. Furthermore they had caused such local destruc- 
tion that it was no longer possible to tell where they had arisen. This 
was notably true of the sarcoma; one cannot even be certain whether 
its presence in both ears was consequent on metastasis from a primary 
situation in one of them. During the long precancerous period the 
papillomas obviously acted as local irritants, notably where calcifica- 
tion had taken place, and both keloid and bone formation resulted. 
That the sarcoma was another result of the irritation seems likely; 
and it is conceivable that the carcinoma may have originated in this 
way as well, from epidermal cells adjacent to the papilloma but not 
themselves infected with the virus. The histological findings did not 
suggest carcinoma sarcomatodes. 

Two snowshoe rabbits with papillomas consequent on virus inocula- 
tion into scarified areas have been under observation for more than a 
year, with no malignant change as yet. Judging from the behavior 
of the growths, the animals are only moderately favorable to the virus. 

DISCUSSION 

The differences found in the carcinogenic activity of the virus 
materials can all be referred to differences in their ability to produce 
and maintain actively proliferating papillomas of the usual sort. It 
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seems probable that any strain of the Shope virus capable of giving rise 
to \agorous growths in domestic rabbits will prove carcinogenic 
through their agency. 

The similarity of the growths produced by the various inocula was 
remarkable. There was no morphological indication of any quali- 
tative difference in their pathogenicity, much less that any of them 
contained virus entities which were distinctively carcinogenic. Yet 
the wide range in their carcinogenic effect depended on more tlian a 
mere numerical difference in their content of papilloma-producing 
entities. Some of the virus materials provided entities which gave 
rise individually to vigorous growths, and others only such as caused 
indolent, retrogressing ones, — a fact very evident in the behavior of 
the papillomas of punctate origin resulting from tlie inoculation of high 
dilutions of virus into broad areas of skin. All of the cottontails 
supplying the materials came from a region of tlie Southwest in which 
the papillomatosis is endemic (Kansas, Iowa, Oklahoma, Texas). 
The size of this region, the existence of the disease there for a very 
long period (it has been known for more than 50 years), and its 
chronicity in the individual rabbit would lead one to look for virus 
variants. But certainly none of major calibre has been encountered 
tlius far in the study of the “spontaneous” growths or those purposely 
induced with the virus. 

The composite character of the virus-induced papillomas has already 
been discussed to some extent in its bearing upon carcinogenesis. The 
fact that most of tlie growths consist essentially of aggregates of 
competing cells, deriving from a greater or less number of primary 
cell-virus relationships, must be kept in mind during any considera- 
tion of how the cancers come about. It provides yet anotlier reason, 
besides those already recorded, for the local origin of the malignancy. 
As already remarked, some of the cell- virus relationships formed upon 
broadcast inoculation of a skin area are more favorable than others to 
an eventual cancerous change. Why this should be the case is not 
yet clear. ^ 

* In this connection the fact deserves mention that a variety of tumors, includ- 
ing cancers, originate from the epidermal cells of tarred skin after the wrus is 
brought into association with them by intravenous injection (Rous, Pej'ton, and 
Kidd, J. G., Scicncf, 1936, 83, 46S). 
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The dominant cell aggregates from which cancer arises tend lo be 
nonpigmented or to become so before it occurs, a fact difficult to 
reconcile \Nrith the observation that the incidence of cancer is greatest 
in the papillomas produced on pigmented skin and themselves pig- 
mented. Yet the same holds true of the tar cancers, these occurring 
oftenest on pigmented skin, though themselves nonpigmented or 
soon becoming devoid of pigment (6). 

The infrequency with which cancer develops from the papillomas of 
cottontail rabbits cannot be laid to any peculiarities of their fabric 
winch tend to prevent malignancy in general, for carcinoma can be 
readily induced by tarring^ their skin. In three of nine cottontails 
with ears tarred three times a week for 11 to 15 months, “ squamous 
cell cancers have occurred on both ears at nearly the same time in each 
case, metastasizing to the lungs in one of them, to a lymph gland at 
the base of one ear in another, and in all proving so destructive 
locally as to force amputation of the organs for conservation of the 
material. None of a more considerable group of domestic rabbits 
tarred in the same way for a much longer period with result in large 
papillomas has developed an indubitable, progressive cancer. 

An obvious reason for the failure of virus-induced papillomas to 
become cancerous in cottontails is to be found in the lack of vigor of 
the growths, a feature generally attended by a negative outcome in 
domestic rabbits. Cottontails are notably resistant to the virus 
despite the fact that it maintains an endemic disease in them. From 
1 to 3 out of every 10 cottontails experimentally inoculated with active 
virus prove insusceptible, and in more than half of the others retro- 
gression of the induced growths sooner or later occurs, though they are 
often vigorous to begin with. In the few remaining animals papillo- 
matosis persists imtil death, that is to say for periods up to nearly 2 
years, in our experience. Alter the growths have become established 
they remain stationary in size for many months as a rule, though still 
proliferating. We have yet to observe papUlomas in a cottontail that 
grew so large as to prove fatal, a frequent happening in domestic 
rabbits. The virus and the wild rabbit are evidently habituated to 
each other, as is often the case when the association between a parasite 

“ lion2ont2,l retort tar of the Oster-Gasfabrik of Amsterdam, kindly provided 
by Dr. Karl Landsteiner. 
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seems probable that any strain of the Shope virus capable of giving rise 
to vigorous growths in domestic rabbits will prove carcinogenic 
through their agency. 

The similarity of the growths produced by the various inocula was 
remarkable. There was no morphological indication of any quali- 
tative difference in their pathogenicity, much less that any of them 
contained virus entities which were distinctively carcinogenic. Yet 
the wide range in their carcinogenic effect depended on more than a 
mere numerical difference in their content of papilloma-producing 
entities. Some of the virus materials provided entities which gave 
rise individually to vigorous growths, and others only such as caused 
indolent, retrogressing ones, — a fact very evident in the behavior of 
the papillomas of punctate origin resulting from the inoculation of high 
dilutions of virus into broad areas of skin. All of the cottontails 
supplying the materials came from a region of the Southwest in which 
the papillomatosis is endemic (Kansas, Iowa, Oklahoma, Texas). 
The size of this region, the existence of the disease there for a very 
long period (it has been known for more than SO years), and its 
chronicity in the individual rabbit would lead one to look for virus 
variants. But certainly none of major calibre has been encountered 
thus far in the study of the “spontaneous” growths or those purposely 
induced with the virus. 

The composite character of the virus-induced papUlomas has already 
been discussed to some extent in its bearing upon carcinogenesis. The 
fact that most of the growths consist essentially of aggregates of 
competing cells, deriving from a greater or less number of primary 
cell-virus relationships, must be kept in mind during any considera- 
tion of how the cancers come about. It provides yet another reason, 
besides those already recorded, for the local origin of the malignancy. 
As already remarked, some of the cell-virus relationships formed upon 
broadcast inoculation of a skin area are more favorable than others to 
an eventual cancerous change. \Vhy this should be the case is not 
yet clear.' 

' la this connection the fact deserves mention that a variety of tumors, includ- 
ing cancers, originate from the epidermal cells of tarred skin after the virus is 
brought into association with them by intravenous injection (Rous, Peyton, and 
Kidd, J. G., Scicr.ee, 1936, 83, 468). 



PEYTON ROUS, JOHN G. KIDD, AND J. W. BEARD 


397 


The dominant cell aggregates from which cancer arises tend to be 
nonpigmented or to become so before it occurs, a fact difficult to 
reconcile with the observation that the incidence of cancer is greatest 
in the papillomas produced on pigmented skin and themselves pig- 
mented. Yet the same holds true of the tar cancers, these occurring 
oftenest on pigmented skin, though themselves nonpigmented or 
soon becoming devoid of pigment (6). 

The infrequency with which cancer develops from the papillomas of 
cottontail rabbits cannot be laid to any peculiarities of their fabric 
which tend to prevent malignancy in general, for carcinoma can be 
readily induced by tarring their skin. In three of nine cottontails 
with ears tarred three times a week for 11 to 15 months,* squamous 
cell cancers have occurred on both ears at nearly the same time in each 
case, metastasizing to the lungs in one of them, to a Ijonph gland at 
the base of one ear in another, and in all proving so destructive 
locally as to force amputation of the organs for conservation of the 
material. None of a more considerable group of domestic rabbits 
tarred in the same way for a much longer period with result in large 
papillomas has developed an indubitable, progressive cancer. 

An obvious reason for the failure of virus-induced papillomas to 
become cancerous in cottontails is to be found in the lack of vigor of 
the growths, a feature generally attended by a negative outcome in 
domestic rabbits. Cottontails are notably resistant to the virus 
despite the fact that it maintains an endemic disease in them. From 
1 to 3 out of every 10 cottontails experimentally inoculated with active 
virus prove insusceptible, and in more than half of the others retro- 
gression of the induced growths sooner or later occurs, though they are 
often vigorous to begin with. In the few remaining animals papillo- 
matosis persists imtil death, that is to say for periods up to nearly 2 
years, in our experience. After the growths have become established 
they remain stationary in size for many months as a rule, though still 
proliferating. We have yet to observe papillomas in a cottontail that 
grew^ so large as to prove fatal, a frequent happening in domestic 
rabbits. The virus and the wild rabbit are evidently habituated to 
each other, as is often the case when the association between a parasite 
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and its host species has endured for a long time According to Theobald 
Smith symbiosis is the eventual result of such a state of affairs (7). 
The ability of the Shope virus to lie latent over long periods in cotton- 
tails (8), as not in domestic rabbits, seems worth recalling in this 
connection. 


SUMMARY 

All the strains of the Shope virus thus far tested which give rise 
to vigorous, progressively enlarging papillomas in domestic rabbits, 
function as carcinogenic agents by way of these growths. The more 
pathogenic the virus as evidenced by the brevity of its incubation 
period and the vigor of the papillomas produced, the sooner and oftener 
does cancer occur. The number of virus entities contained in the 
inoculum notably influences the outcome, cancer appearing most fre- 
quently in those confluent, papillomatous masses which have resulted 
from the greatest concentration of the virus material under test. The 
papillomas experimentally induced by the ordinary inoculation meth- 
ods are essentially aggregates of proliferating cell families, each the 
outcome of some primary cell-virus association. Some of these 
associations are followed more frequently by cancer than others are in 
the same animal. 

Cottontail rabbits, the natural hosts of the virus, are notably 
resistant to its sustained activity, as compared with domestic rabbits. 
Though often growing rapidly at first, the papillomas of cottontails 
soon become relatively inert in most cases, and they usually retrogress, 
and rarely undergo malignant change. In an instance here reported 
botli a squamous cell carcinoma and a metastasizing sarcoma appeared 
at tlie base of some papillomas due to experimental inoculation, which 
had existed on the ears of a cottontail for nearly 2 years. 

The meaning of the phenomena is discussed. 
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EXPLANATION OF PLATES 
Plate 24 

Fig. 1. Particolored papillomatous expanse resulting from a broadcast inocula- 
tion of Shope virus into the scarified skin of the abdomen of a brown-gray domestic 
rabbit (21st day). Considerable areas of the growth are gray or black, %vhile 
others are nonpigmented. The normal skin had given no indication of the differ- 
ences now apparent. 

Fig. 2. Pigmented and nonpigmented, proliferating cell aggregates consequent 
on the inoculation of various dilutions of virus into the skin of a domestic rabbit 
(27th day). Where the aggregates are numerous and crowded, as in the confluent 
mass on the right of the photograph, — which resulted from the least dilute ma- 
terial, — they are difficult to discern individually. XJi. 

Fig. 3. Side view of a papillomatous expanse produced by the inoculation of a 
wild rabbit (90 th day). The growth has been raised with the aid of the finger and 
a slide in order to show' better a discrete, nonpigmented nodule which has pro- 
liferated with especial vigor and extended below the general level. The rest of the 
mass is sooty, but reflections from its surface, notably in the region beneath the 
edge of the slide, tend to confuse the picture. X?4. 

Fig. 4. Papillomatous masses consequent on tattooing the virus material into 
two small spots on the side of the same rabbit (90th day). One mass consists of 
numerous dark gray peaks, all of about the same height, and the other contains 
some similar ones of various sizes, but all these latter have been pushed aside by a 
rapidly enlarging, almost nonpigmented, dome-shaped growth. y}A. 

Fig. 5. Cutaneous horns (8th month) due to tattooing the Shope virus into two 
spots on each ear of cottontail ^V. R. 45. The larger growth on each ear had been 
injected with Scharlach R some weeks previously. X 3^. 

Plate 25 

Figs. 6 and 7. Same growths as in Fig. 5. The dry cutaneous horns have 
mosUy come away (20th month) . Fig. 6 shows the rounded fleshy protuberances 
that had formed at the border of the remaining low papillomas, and Fig. 7 the 
calcification of one of the horns on the other ear (arrow). 

Fig. 8. Growth of Fig. 6 (22nd month). The protuberances have dried down, 
puckering and folding the ear. Only the tip can be seen of one of them (A)’, 
which is separated from theotherby afuny strip (seen vertically in Fig. 6). A ring 
of firm tissue has formed around the base of the nearer growth, and a few milli- 
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meters away is an intracutaneous nodule (B). Both were found to be sarcomatous 
at autopsy. 

Fig. 9. Remains of the calcified horn of Fig. 7 with a thickening next its base 
(arrow), which proved to be sarcomatous. 

Plate 26 

Fig. 10. Section of the thickening of Fig. 9. Some new-formed bone can be 
seen at the center of the picture, with the intact epidermis above. A squamous 
cell carcinoma is invading the deep tissue. X90. 

Fig. 11. a metastasis from the sarcoma of Figs. 9 and 10. It has replaced the 
lymph node at the base of one of the ears and invaded the adjacent salivary gland. 
X90. 




Photographed by Joseph B. Haulenbeek 


(Rous et al.i Cancers derived from papilloma \dnis. I) 
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{From the Laboratories of The Rockefeller Institute for Medical Research) 

Plates 27 to 33 

(Received for publication, June 2, 1936) 

In an accompanying paper the relationship of the Shope virus en- 
gendering papillomas to the cancers deriving from these growths has 
been approached from the side of the virus. It will now be considered 
in the light of certain data provided by the tumors themselves. 

The papilloma is known to be characterized by those traits of ap- 
pearance and behavior which distinguish neoplasms from other patho- 
logical processes (1). Much new evidence on this point has lately 
come to hand. 

The Subcutaneous Extensio^i of Papillo7nas 

The papillomas produced experimentally in domestic rabbits, by 
the inoculation of virus into scarified areas of skin, not infrequently 
invade the layer of reactive tissue that gradually forms beneath them, 
with result in deep pearls lined by the virus-infected epithelium. An 
instance has been figured in a previous paper (1). When papillomas 
are prevented from growing outwards by covering them with a layer 
of collodion soon after they appear they push down until checked by 
the fibrous corium and form subepidermal masses that may become 
large (1). Three instances have been observed in which, as result of 
essentially similar pressure conditions, occurring naturally, the “spon- 
taneous’’ papillomas of the cottontails burrowed into the subcutaneous 
tissue. The dealer had been requested to send us all rabbits carrying 
lumps under or next the papilloma. 
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W. R. 40 N, from Kansas, had on receipt a rounded, discrete mass in the sub- 
cutaneous tissue of the inner surface of the right thigh (Fig. 1). It was cream- 
colored, an irregular, somewhat flattened sphere, 4.5 by 4.5 by 3.0 cm. across, 
of doughy consistency, with a sooty, mat-like skin papilloma, 1 cm. high and 2 by 
1.5 cm. in diameter, surmounting and attached to it. The surface growth was so 
situated as to be constantly pressed upon when the animal sat crouched, and it 
had a flat, worn top. About 3 cm. away, where the skin covering the most pro- 
jecting portion of the deep mass had been stretched tense, it had undergone 
ischemic necrosis and separation over an area about 1.5 cm, across. When the 
scab thus formed was pulled away there was disclosed a cyst filled with irregularly 
concentric lamellae, each about mm. thick, composed of a slightly moist, soap- 
like material which shelled out clean save at one spot at a considerable distance 
from the surface mass, where a nonpigmented papillomatous growth, on a base 
about 1.5 cm. in diameter, projected inwards from the cyst wall. The lamellae, — 
which had been formed by keratinization of the epithelium of the growth just 
mentioned, — were ranged in layers about it like the petals of a cabbage rose. 
Elsewhere the cyst wall was smooth. Its contents were readily shelled out and 
the deep papilloma was brought to the surface by pushing it through the hole 
left by the scab, where it retained its position, proliferating as a cream-colored, 
vertically striated cylinder which on biopsy had the usual, papillomatous char- 
acter. In consequence of the new state of affairs the sooty, surface papilloma 
was turned at right angles to its former position, and, thus relieved of pressure, 
it built up rapidly into a high cone (Fig. 2). 

Two other cottontails were found to have subcutaneous masses nearly as large 
as that described and capped like it with mat-like papillomas exhibiting pressure 
effects. One of the surface growths was situated on the lower abdomen where the 
thigh pressed upon it, the other just back of the axilla. In the latter instance the 
low, dry papillomatous peaks were worn down into a cup, where the upper joint 
of the fore leg pressed. Elsewhere in the case of this animal, there were several 
jagged, superficial papillomatous expanses of the ordinary sort on distant skin 
regions free from pressure. The surface papillomas were sooty in both rabbits, 
whereas the deep growths were creamy. In the regions where these projected 
most the skin had undergone a dry necrosis. 

All three rabbits are still under observation. 

In several instances of skin papillomas experimentally induced in 
cottontails deep extensions of aggressive character have developed 
secondarily. Two of these will be reported upon. 

A 5 per cent extract of glycerinatcd virus material, W. R. 595 -f- 596, a notably 
active material, was rubbed into a scarified square on the right side of a cottontail 
(5 N). A solid mass of characteristic sooty papillomatosis developed, which 
soon became a high, truncated cone that occupied the entire area of inoculation 
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and was dry, vertically ribbed and almost black. Its living, slowly advancing, 
bulging, basal edge was sooty in hue practically cvciyn^^herc. After 10 weeks, 
knobs were felt on the under side of the cone, well within its edge, and small 
rounded spheres, discrete or partly coalesced, had appeared outside (Fig. 3). 
They were situated in the subcutaneous tissue and could be moved in all directions 
save away from the main growth, palpation disclosing that each was connected 
with this by a narrow, flerible cord. Two stages in the later course of events are 
shown in Figs. 4 and 5. The outlying nodules, almost spherical when first noted, 
soon elongated, and the distance between them and the main growth gradually 
widened, as result of growth at their outer side combined with resorption at the 
inner. With one exception the nodules that traveled away most rapidly from 
the surface mass had rounded, creamy outer ends, as seen through the skin; but 
further back, the nodule was ruddy with distended vessels, and so too was the 
overlying skin. In the exception mentioned the growth advanced by thrusting 
out prong-like processes from a broad, deep extension of the surface mass, and 
these became thickened and somewhat blunted (Fig. 6). As time passed the cords 
connecting the distant nodules viith the primary growth could no longer be felt, 
but their disappearance became progressively less complete as the nodules crept 
further away, owing to the continual enlargement of the latter, a process which 
obviously involved the leaving behind of more and more keratinized material. 

The migrating nodules followed the course of the large veins in all cases, and 
their advance was furthest in the general direction of the axilla, though one of 
them curved aside after a time as if it had met an obstruction (Fig. 5). They are 
still advancing and enlarging. All are creamy in contrast to the melanotic, cu- 
taneous papilloma. The latter has been lifted several centimeters above the skin 
level by a mass of deep growth which has gradually formed under it (Fig. 6). 
This is firmly attached to it, and has the shape of partially fused spheres. 

In order to learn the method of advance of the growth the two prong-like 
extensions were excised, together with the tissue about them, and sectioned 
serially, one in its long axis, the other transversely through its tip. The excision 
was done on the 138th day, when the prongs were advandng but slowly. Like 
the subcutaneous masses previously studied, they consisted mostly of keratinized 
epidermal cells (Fig. 10) which underwent constant additions through the activities 
of a thick, living layer of epithelium which had the invasive character manifested 
by the virus-induced papilloma when growing after experimental implantation in 
notably favorable situations within the body (1). The main direction of advance 
was along and between some large blood vessels. In sagittal section the prong 
was wedge-shaped, but the outline of the wedge was scalloped because the epithel- 
ium had directly invaded the underlying voluntary muscle at numerous situations, 
the invading tongues later broadening and keratinizing (Fig. 27). Only by the 
secondary keratinization with cyst formation could the growth be discriminated 
from a squamous cell carcinoma. It was markedly desmoplastic, surrounded 
everywhere by new, reactive connective tissue, save in a few places where its 
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advance appeared to be taking place with sucli rapidity (Fig. 27) that it had out- 
stripped the reactive proliferation round about. 

The growth had progressed between vein and artery, where were the large 
lymphatics as transverse sections have shown. At the furthest point reached, 
however, the epithelium had ceased to proliferate, and rounded out into small 
cysts enclosed in a thick layer of connective tissue wherein the lymphatics were 
lost (Fig. 7). The main direction of its advance had been checked, as in the case 
of one of the large nodules of Figs. 4 and 5, which first followed the vessels and then 
curved sideways. At numerous situations elsewhere it was actively invading, 
though, and indeed in some places penetrating directly between the muscle fibres 
(Fig. 27). 

While the findings clearly indicated that the subcutaneous exten- 
sions had taken place along the lymphatics, if not within them, it was 
plain that the growth could advance independently of these channels, 
by direct invasion of the tissues. In the following instance, of a less 
aggressive papilloma, the penetration along the lymphatics was 
especially noteworthy. 

A 5 per cent extract of virus material W. R. 18, which is especially active, was 
tattooed into a number of scarified spots on the sides of W. R. 45. Characteristic 
discrete horns developed, reaching a diameter of 1 to 1 J cm. by the 5Sth day, but 
thereafter not enlarging greatly. Owing to oversight the animal was not examined 
again until the 134th day. Then six smooth, spherical or oblong nodules from 
0.8 to 1.5 cm. in diameter were present in the subcutaneous tissue of the right side, 
under or near the skin papillomas, four of them completely independent of these 
latter. A tough, narrow cord could be felt connecting a fifth with a surface 
papilloma, and the sixth lay beneath one of the latter and was fixed to it. 

In the subcutaneous tissues of the left side, under and attached to several of 
the tattoo papillomas, was a large mass rather like a lobulated kidney in shape 
(Fig. 8), 6 by 4 by 2 cm. in diameter, with several attached spheres or pendule-like 
protrusions; and there were two other deep nodules further off, one 1 cm. away 
from the nearest surface growth, the other 5 cm. away and in tlie precise position 
of the superficial inguinal gland. The nearer of these two seemed wholly inde- 
pendent of all of the other growths, but the further, which was bean-shaped and 
1.5 cm. in longest diameter, was connected with the main subcutaneous mass by a 
rounded strand 0.15 cm. thick. It was removed for section together with the 
adjacent portion of this strand, and a few weeks later a “pendule’’ was also taken 
for section (Fig. 11). Both proved to be cysts walled with papiUomatous epithe- 
lium of the characteristic sort and filled with keratinized scales formed by the 
proliferation. The strand connecting the main, deep mass with the inguinal 
growth, — which showed no remnant of lymph gland, — consisted of connective 
tissue undergoing fibrosis, with dying or dead epithelial cells along its center (Fig. 
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13). All of the deep nodules were creamy, in contrast to the sooty hue of the 
surface growths, e.xcept one which appeared to be of a dubious, pale gray as viewed 
in situ. 

The skin over those subcutaneous masses which projected most dried and came 
away soon after they were first observed, with loss of some of the surface papil- 
lomas and of the soap-like contents of the cysts. The exposed epithelial lining of 
the largest of these now underwent a surface proliferation forming papillomatous 
peaks like those already present, save that the new ones were cream-colored. 
Other cysts became infected with pus-producing bacteria and eventually were 
resorbed in tolo. A few small ones which had not ruptured persisted for many 
months as such. At death, on the 630th day, only one remained, a somewhat 
flattened cyst of the ordinary sort. Its epithelium showed mitoses and in one 
region was directly invading the reactive connective tissue. 

As in the case of W. R. 5 N, the subcutaneous extensions advanced 
farthest in the direction followed by the main lymphatic channels. 
There is every reason to suppose that the nodule in the inguinal region 
had replaced a lymph gland. The general course of events was like 
that Handley has reported for cancers of the human breast (2) ; and 
the eventual death and resorption of the epithelial cord (Fig. 13) con- 
necting the distant nodule with the main mass was such as he has 
described. But despite these features, and the direct invasion of the 
muscle that took place in cottontail 5 N, the papilloma remained 
merely such, at worst a locally malignant growth. 

It will have been noted that with one dubious exception all of the 
subcutaneous extensions in cottontails were devoid of pigmentation, 
whereas the skin papillomas were invariably sooty. One may suppose 
that under the conditions of downgrowth the stimulated melanophores, 
passively included in the proliferating surface mass (3), were left 
behind. But another reason existed for the creamy hue. The down- 
growths evidently derived from the most vigorously proliferating cells 
in the papillomas, which were themselves essentially composites of 
competing cell aggregates (4), — and such aggressive aggregates usually 
become non-pigmented in time, even when growing on the skin surface. 

In the case of W. R. 5 N, the surface papilloma was spotted with dark 
gray during the early days of its formation, plain evidence of its com- 
posite character. When it had become a solid, horn-like structure, 
the cell aggregates well within its base were inevitably pent on all sides 
save beneath; and downwards the more vigorous ones grew in default 
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of the emboli were undergoing degeneration after having done well primarily and 
become attached to the vessel wall. Their epithelium was dying and the material 
at their center had separated as if from fluid accumulation (Fig. 19). 

None of the emboli that consisted of only a few cells had given rise to a growth: 
each of the developmg nodules had at its center a piece of the surface papilloma 
that was of relatively large size. The new-formed connective tissue attaching the 
embob'c masses to the vessel wall had frequently become covered by endothelium, 
but this had imdergone no further proliferation, and the neighboring alveolar 
epithebum had altered no further than to ass um e the cuboidal form where the 
pressure of the developing growth had caused atelectasis. 

The findings left no doubt that the lung growths arose solely by the 
proliferation of cell emboli. Schmidt has reported, in a paper now 
classical (5) that the lung metastases of visceral carcinomas arise from 
the larger cell emboli only, and that these become attached to the 
arteriolar wall by new connective tissue extending into the pulmonary 
tissue. Where such attachment fails to take place the embolus may 
live for some time, its cells often forming a syncytium; yet though in 
immediate contact with the vessel wall they fail to penetrate it. 

The occurrences leading to death or establishment of the papilloma 
cells were precisely like those noted by Schmidt. Yet this parallelism 
in the course of events caimot be taken to mean more than that the 
fate of pidmonary emboli composed of epithelial cells capable of 
proliferation and invasion is determined by conditions and reactions 
that are characteristic of their situation. 

FacHtiojis Malignancy 

When small pieces of a virus-induced papilloma, procured soon after 
it appears, are implanted in the voluntary muscles of the host, growths 
usually develop promptly, and, as already remarked, they may look 
and act as if malignant when they are proliferating in the midst of 
connective tissue proliferation called forth by bacterial infection. 
Yet they do not metastasize even when they have the aspect of 
squamous cell carcinomas (as determined by biopsy), and later they 
may retrogress if the infection is conquered by the host, their epithe- 
lium first reverting to the orderly papillomatous form, and eventually 
kerat ini z in g entirely, — changes clearly recorded in the markings of the 
dead inaterial. The influence of local infection to determine the fate 
of papillomatous nodules developing from cell emboli that reach the 
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of the emboli were undergoing degeneration after having done well primarily and 
become attached to the vessel wall. Their epithelium was dying and the material 
at their center had separated as if from fluid accumulation (Fig. 19). 

None of the emboli that consisted of only a few cells had given rise to a growth: 
each of the developing nodules had at its center a piece of the surface papilloma 
that was of relatively large size. The new-formed connective tissue attaching the 
embolic masses to the vessel wall had frequently become covered by endothelium, 
but this had undergone no further proliferation, and the neighboring alveolar 
epithelium had altered no further than to assume the cuboidal form where the 
pressure of the developing growth had caused atelectasis. 

The findings left no doubt that the lung growths arose solely by the 
proliferation of cell emboli. Schmidt has reported, in a paper now 
classical (5) that the lung metastases of visceral carcinomas arise from 
the larger cell emboli only, and that these become attached to the 
arteriolar wall by new connective tissue extending into the pulmonary 
tissue. Where such attachment fails to take place the embolus may 
live for some time, its cells often forming a syncytium; yet though in 
immediate contact with the vessel wall they fail to penetrate it. 

The occurrences leading to death or establishment of the papilloma 
cells were precisely like those noted by Schmidt. Yet this parallelism 
in the course of events cannot be taken to mean more than that the 
fate of pulmonary emboli composed of epithelial cells capable of 
proliferation and invasion is determined by conditions and reactions 
that are characteristic of their situation. 

Factitious Malignancy 

When small pieces of a virus-induced papilloma, procured soon after 
it appears, are implanted in the voluntary muscles of the host, growths 
usually develop promptly, and, as already remarked, they may look 
and act as if malignant when they are proliferating in the midst of 
connective tissue proliferation called forth by bacterial infection. 
Yet they do not metastasize even when they have the aspect of 
squamous cell carcinomas (as determined by biopsy), and later they 
may retrogress if the infection is conquered by the host, their epithe- 
lium &st reverting to the orderly papillomatous form, and eventually 
keratmizing entirely, — changes clearly recorded in the markings of the 
dead material. The influence of local infection to determine the fate 
of papillomatous nodules developing from cell emboli that reach the 
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papiUoma of D. R. 2-48 (6) never invaded the underlying tissue, and 
during the months before death took, place it became stalked and much 
smaller, owing in some part to maceration of its surface. Its course 
was reminiscent of that of many tar papillomas. In general, however 
any considerable alteration toward anaplasia has been attended both 
by irreversibility and the tendency to metastasize. We have yet to 
observe a manifest, squamous cell carcinoma which did not pursue a 
progressive, destructive course. The cancers of D. R. 2-38, which 
appeared to be retrogressing when this animal was last reported upon 
(6) brought about death in the end and had merely become scirrhous. 

Especial interest attaches to those tumors of problematic malig- 
nancy which have metastasized; for sometimes the secondary nodules 
differed in no essential respect from such as result from the experi- 
mental implantation of ordinary papillomatous tissue in favorable 
sites (Figs. 22, 23, 28, 29). More will be said upon this head further 
on. As might be expected retrograde local changes and necrosis are 
frequent in consequence of compromised vessels, and some cell nests 
may perish, owing to complete keratinization. A squamous ceU 
metastasis in the lungs became almost entirely necrotic as result of 
pressure conditions that cut off its blood supply. 

The new tiunors that are expressive of but slight changes in the 
papilloma seldom grow large. We have never observed a “papilloma 
of the second order,” for example, that was more than 1 or 2 cm. in 
diameter, nor has metastasis occurred from a growth of this sort. 
Such tumors tend to undergo further change in the direction of squa- 
mous cell carcinomatosis, as do the others that are relatively benign; 
and their enlargement is so slow as to provide ample opportunity for 
the change to supervene. The much more rapidly growing, malignant 
cystic papillomas (6) often kill the host before anaplastic changes have 
become advanced, though they are usually perceptible here or there. 
Such growths extend under the skin, forming subepidermal pearls and 
involving it in ulceration (Fig. 30), and they advance rapidly toward 
the axilla or groin along the course of the lymphatics (Fig. 31), and 
frequently metastasize to the regional glands (Fig. 24). The malig- 
nant papillomas which are not cystic very soon change into squamous 
cell carcinomas, but the papillomatous character is occasionally evi- 
dent in the metastases, which are usually confined to the local glands 
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the virus-induced papillomas continue to be merely such no matter 
how stimulated, whether by transplantation, incision, vaccinial or 
bacterial infection, Scharlach R injections, or the permanent insertion 
of strings impregnated with dry or glycerinated cancer material,— 
procedures all that have been repeatedly utilized. 

On the assumption that removal of the papilloma cells to an especially favor- 
able milieu might disclose the ejdstence of malignancy sooner than would other- 
wise be the case, we have operated repeatedly on the same papilloma at intervals 
of a few weeks, on each occasion implanting bits of it in the muscles of one of the 
legs of the host. Each time the material was taken from the same spot at the 
base of the growth, a procedure possible because it regenerated rapidly in the 
intervals. Thus cells were procured that had the additional stimulus incident to 
repair. But though the experiment was carried out upon several domestic rabbits 
with vigorously growing papillomas, no positive results were obtained. True, 
some of the leg nodules did eventually become cancerous, as proven by extension 
through the fascia, involvement of the skin, and metastasis formation, but this 
happened only after the lapse of several months when the surface growths had also 
undergone malignant changes. 

The Transition to Cancer 

As already reported, the development of malignancy is preceded by 
alterations in tbe aspect and behavior of the papilloma. Its enhanced 
vigor of growth, loss of pigmentation, tense, fleshy base, the crowded 
disorder of its cells, their extension downward and laterally to form 
“extramural” pearls, and an increasing irregularity of keratinization 
(6), all bespeak progress toward malignancy. Slight interferences 
may now precipitate this, yet often they do not, however frequently 
repeated, and some growths may remain merely more active and 
aggressive papillomas, long after neighboring ones in the same host 
have become cancers. The multiple papillomas produced in any one 
animal by tattoomg virus into the skin all behave alike with occasional 
noteworthy exceptions (8), and all may enlarge rapidly at one period, 
then perhaps become stationary or dwindle, and after a while enlarge 
again. The observation that the more vigorously the papillomas pro- 
liferate the more likely is cancer to ensue has been abtmdantly con- 
firmed; yet not infrequently it appears in some one of a number of 
shallow based, unpromising growths,— doubtless as a result of local 
stimulative occurrences. Carcinosis is obviously an outcome of 
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incidence and character of the tumors arising from these growths. 
The evidence concerning the etiological r61e of the virus will be briefly 
reviewed incidentally to a consideration of its significance. 

The virus functions as the first cause of the cancers, through the 
papillomas that it induces. The more active it is, as evidenced by the 
time of appearance and behavior of these growths, and the greater the 
concentration of the inoculum, the sooner and oftener does malignancy 
develop. The cancers originate from the cells that are proliferating 
under the influence of the virus. But similar facts hold true of other 
carcinogenic agents, — dibenzanthracene for example, — though the 
virus is far more effective than any of these in bringing cancer about. 

The papillomas caused by the virus have the immediate character of 
neoplasms, and, even in cottontails, which are relatively resistant 
hosts, they may exhibit some of the traits associated with malignancy, 
— as when they grow down spontaneously into the subcutaneous tissue, 
invade voluntary muscle, and advance along the lymphatics after the 
fashion of cancers of the human breast. In domestic rabbits, unac- 
customed hosts for the virus and very favorable to its action, the 
papillomas often verge on the malignant. Sometimes a decision as to 
whether they have attained this state or have merely responded to 
fortuitous, intercurrent influences by simulating malignancy can be 
made only in the light of the final happenings. The presence of the 
Shope virus has been demonstrated indirectly, by serological test, in 
two animals to which a cancer deriving from a papilloma had been 
transplanted; but this finding does not necessarily mean that it was 
immediately responsible for the cancers, since wholly extraneous 
viruses can persist within neoplasms and undergo transfer with them. 
More significant is the evidence that the virus continues to exert an 
influence on a large proportion of the tumors originating from the 
papillomas. 

The facts bespeak a relation of the virus to the cancers far closer 
than that noted of any other carcinogenic agents thus far studied. 
The latter bring about a chronic tissue disturbance upon which cancer 
develops as an essentially different pathological process; and no evi- 
dence exists that they do more than dispose to the neoplastic state. 
Dibenzanthracene, the only one of them that has been followed ade- 
quately, disappears from the tumors to which it gives rise (10). The 
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virus on the other hand directly engenders growths of neoplastic 
character in which it persists, increasing in amount (11); and from 
these growths a variety of other tumors arise, cancers amongst them, 
by changes which are gradual and often slight, to all appearances. 

Active strains of the Shope virus are almost unconditioned in their 
ability to produce papillomas. They cause a frankly infectious dis- 
ease, endemic in western cottontail rabbits and notably prevalent. 
But the cancers which are an ultimate consequence of this disease, as 
produced experimentally in domestic rabbits, appear only when a 
conjunction of favoring circumstances has come to pass. At least 
four sets of influences, in addition to the primary disposition of the 
host and the character of the virus material, act to condition the 
occurrence of malignancy, namely (a) local characters of the skin, 
{b) the peculiarities of the individual cell-virus associations, as ex- 
pressed in terms of the cellular manifestations that are their outcome, 
(c) the influences of host origin but of undetermined character, which 
cause all the papillomas of any one animal to wax or wane together, 
and (d) those local factors which may encourage or prevent the 
cancerous change. Doubtless yet other influences affecting the car- 
cinogenesis will come to light. Cottontail rabbits, the natural hosts 
of the virus, ordinarily become unfavorable to the papillomatous 
growths after a while, as manifested by their course; and cancer is 
rare in this species, though it does occur. In the more susceptible 
domestic species, the virus, though causing, accompanjdng, and in- 
creasing in the papillomas, is ordinarily rendered incapable of trans- 
mitting the growth. How this happens is not yet understood. But 
whatever the reason it in most cases wholly removes the papillomas of 
domestic rabbits, and the eventual cancers as well, from the sphere of 
the ordinary infectious diseases. The possible influence of condition- 
ing factors to account for the statistical incidence of cancer in human 
and other communities has been stressed in a previous paper (1). 

Is the virus, or some variant upon it, the immediate cause of the 
cancers deriving from the papilloma? This question should not be 
approached without due recognition of certain phenomena which act to 
confuse the issue. Prime amongst these is the occurrence of spurious 
cancers. The sensitiveness of the papUloma cells to external stimula- 
tion far exceeds that of normal epidermal elements. Even the latter 
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can mimic cancer temporarily, as when influenced by Scharlach R; and 
the cells infected with the Shope virus will do this in response to num- 
erous influences as e.g. those provided by the intramuscular or visceral 
situation, by infection with bacteria that induce a proliferative con- 
nective tissue reaction, by repeated injections of Scharlach R, etc. 
The reversion to ordinary papillomatosis, which often takes place 
later, shows that the induced malignant activities, though real enough 
in their effects, are not an intrinsic character of the growths. 

No matter how greatly the papillomas are stimulated experimen- 
tally, they do not assume the aspect of anaplastic carcinomas; 3 ^et 
nevertheless a possibility exists that some of the manifestations of 
growths of the latter sort are due to intercurrent stimulation. They 
are practicall}'' always infected with pyogenic bacteria, and it is rea- 
sonable to assume that stimulation from this source or another may 
make as greatly for anaplastic changes as in the case of the far better 
stabilized papillomas. The influence of bacteria to enhance the malig- 
nancy of human tumors has long been recognized. Yet one cannot 
suppose anaplastic squamous cell carcinomatosis in either rabbits or 
men to be maintained by agents that act as adjuvants to the essential 
cause of the neoplastic condition. The confusing influence of such 
agents must be reckoned with, however. 

In studjdng the way in which the individual rabbit cancers arise, 
all phenomena referable to intrusive, accidental processes must be ex- 
cluded if possible; and from what has been said it is clear that this 
cannot alwaj'^s be done. The only sound course is to view the process 
of carcinogenesis in the large. When this is attempted one perceives 
that the cancers derive from the papilloma by changes which appear to 
be continuous, and that they often undergo further alterations until a 
state of marked anaplasia has been reached (6). Histological ex- 
aminations at an early stage in the malignancy regularly disclose a 
graded morphological transition to cancer. But it must be kept in 
mind that pictures as strongly indicative of such a transition are not 
infrequently encountered where a skin cancer has united with the 
epidermis secondarily. Neither such findings, nor the difficulty in 
telling whether a papilloma or cystic growth is malignant, nor the 
occurrence of indhndual tumors which exemplify every stage in the 
marcli to anaplastic squamous cell carcinomatosis can be adduced as 
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proof that tumors of the latter sort result from an intensification or 
gradually changed activity of the \drus causing the papilloma. When 
discontinuous variations are available in suihciently large number they 
can be so arranged as to produce a specious impression of continuity. 
It would be possible for example to assemble arrow heads in a series 
which might be taken as indicating that big ones had arisen from 
little ones. The tumors now under consideration could also be 
arranged in this way. But while many of them are not cancers at all, 
some differing remarkably little from the parent, virus-induced growth, 
yet in the aggregate they are the expression of a new state of affairs. 
They result from local modifications of the papilloma which are not 
accomplished until after many weeks or months of proliferation, no 
matter how much the growth is stimulated. Once the preliminary 
period has passed, new tumors can often be readily elicited by stimuli 
previously powerless to bring this about; and whereas previously the 
neoplastic process varied but little in type, the epidermal cells 
multiplying and differentiating in a remarkably constant way, how- 
ever great the multitude of hosts, now from the growths of a single 
animal a variety of tumors may arise. It is not the individual char- 
acter of these tumors but their unprecedented, relatively abrupt oc- 
currence and their diversity that constitute the significant phenomena. 
By and large the changes represent something more than a mere 
enhancement of the papillomatosis. 

Recent experiments have shown that when the Shope virus is 
brought into association with the disordered epidermal cells of tarred 
skin it gives rise forthwith not to ordinary virus-induced papillomas 
only but to tumors of all the kinds deriving from these, including the 
most anaplastic cancers (12) . Whatever the meaning of the phenom- 
enon it serves to emphasize the fact that the circumstances under 
which the Shope virus acts are far different from those obtaining in 
the case of any other viruses thus far studied, save those causing the 
chicken tumors. The papillomas are the outcome of an enduring 
partnership of cell and virus, and a change in either partner may react 
upon the other. The activities of the virus find expression in terms of 
the growths it causes, but their proliferating cells provide its milieu. 
Any considerable changes in the virus should find prompt reflection in 
the morpholog}^ and behavior of the papillomas, and, on the other hand, 
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any disturbance of the cells may alter the environment of tlie virus. 
When the latter has been introduced into domestic rabbits this en- 
vironment, though strange, proves very favorable. It is doubtless 
stable, enough under ordinary conditions; but when the papilloma has 
been subjected to repeated trauma, to bacterial infection or other 
intercurrent influences its cells may very well undergo sufflcient al- 
teration to affect the milieu upon which the virus depends. All in all 
the circumstances are precisely those which should lead to a formation 
of variant strains of the virus, as the general experience with other 
viruses attests. 


SUMMARY 

The papillomas caused by the Shope virus sometimes grow down 
spontaneously into the subcutaneous tissue and extend along the 
lymphatics in the same way as do many cancers of the human breast. 
They may even invade the voluntary muscle under such circum- 
stances, taking on an aspect suggestive of squamous cell carcinoma- 
tosis, but ultimately they differentiate in the way characteristic of the 
papilloma. Slight operative interferences with papillomas may be 
followed by a development of secondary nodules in the lungs. These 
result from cell emboli, and the same local conditions determine their 
fate as are effective in the case of emboli composed of human cancer 
cells. The virus-induced papilloma is not only a neoplasm in its im- 
mediate aspect and habit but sometimes one that verges upon malig- 
nancy. The tumors, including the cancers, which eventually derive 
from it in favorable hosts, are representative of more than a mere en- 
hancement of the activity of the growth. They develop within a 
relatively brief period of time but only after the papilloma has grown 
for a long while; and they are morphologically various whereas the 
parent tumor is remarkably constant in its form. Some of the new 
growths differ but little from the papilloma, however, even when 
possessed of the ability to metastasize, and many continue to be 
influenced by the virus. 

The Shope virus is heavily conditioned in its carcinogenic activity, 
yet it is the nearest cause for cancer now known. 
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EXPLANATION OF PLATES 

The sections were stained with eosin and methylene blue except where other- 
wise noted. 

PlATE 27 

Fig. 1. Subcutaneous extension of a '^spontaneous” papilloma of a cottontail 
rabbit (W. R. 40 N). The sooty surface growth on the inside of the thigh is flat 
and discoid, in contrast to the irregularly spherical, cream-colored, deep mass. 
The skin over the latter has dried and separated in one region (arrow). X H. 

Fig. 2. The same growths 21 days later. The keratinized material consti- 
tuting most of the subcutaneous mass had been evacuated at time of the previous 
photograph, and the deep l5dng, nonpigmented papilloma (arrow) from which it 
had derived was brought to the surface. This growth is now covered with dried 
exudate. The sooty papilloma, relieved from pressure, has heaped up into a cone. 
XM. 

Fig. 3. Beginning subcutaneous extensions from the base of a virus-induced 
papilloma in a cottontail (\VL R. 5 N) (73 days). X 

Fig. 4. A further stage of the extension (92 days). The discrete nodules 
have migrated along the large veins. The apparent connections with the primary 
growth are due in the main to foldings of the skin, which was stretched for photo- 
graphic purposes. The cutaneous horn is raised on the side toward the abdomen 
by a subcutaneous mass having the form of partially coalesced spheres. X M • 
Fig. 5. A still later stage (137 days). The direction of growth of one nodule 
(arrow A) has altered, and in consequence it now cur\’’es away from the vein. At 



420 


CANCERS DERIVED FROM PAPILLOMA VIRUS. II 


any disturbance of the cells may alter the environment of the virus. 
When the latter has been introduced into domestic rabbits this en- 
vironment, though strange, proves very favorable. It is doubtless 
stable, enough under ordinary conditions; but when the papilloma has 
been subjected to repeated trauma, to bacterial infection or other 
intercurrent influences its cells may very well undergo sufiicient al- 
teration to affect the milieu upon which the virus depends. All in all 
the circumstances are precisely those which should lead to a formation 
of variant strains of the virus, as the general experience Avith other 
viruses attests. 


SUMMARY 

The papillomas caused by the Shope virus sometimes grow down 
spontaneously into the subcutaneous tissue and extend along the 
lymphatics in the same way as do many cancers of the human breast. 
They may even invade the voluntary muscle under such circum- 
stances, taking on an aspect suggestive of squamous cell carcinoma- 
tosis, but ultimately they differentiate in the way characteristic of the 
papilloma. Slight operative interferences with papillomas may be 
followed by a development of secondary nodules in the lungs. These 
result from cell emboli, and the same local conditions determine their 
fate as are effective in the case of emboli composed of human cancer 
cells. The virus-induced papilloma is not only a neoplasm in its im- 
mediate aspect and habit but sometimes one that verges upon malig- 
nancy. The tumors, including the cancers, which eventually derive 
from it in favorable hosts, are representative of more than a mere en- 
hancement of the activity of the growth. They develop within a 
relatively brief period of time but only after the papilloma has grown 
for a long while; and they are morphologically various whereas the 
parent tumor is remarkably constant in its form. Some of the new 
growths differ but little from the papilloma, however, even when 
possessed of the ability to metastasize, and many continue to be 
influenced by the virus. 

The Shope virus is heavily conditioned in its carcinogenic activity, 
yet it is the nearest cause for cancer now known. 
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EXPLANATION OF PLATES 


The sections were stained with eosin and methylene blue except where other- 
wise noted. 


Plate 27 


Fig. 1. Subcutaneous extension of a “spontaneous” papilloma of a cottontail 
rabbit (W. R. 40 N). The sooty surface growth on the inside of the thigh is flat 
and discoid, in contrast to the irregularly spherical, cream-colored, deep mass. 
The skin over the latter has dried and separated in one region (arrow), x 
Fig. 2. The same growths 21 days later. The keratinized material consti- 
tuting most of the subcutaneous mass had been evacuated at time of the previous 
photograph, and the deep lying, nonpigmented papilloma (arrow) from which it 
had derived was brought to the surface. This growth is now covered with dried 
exudate. The sooty papilloma, relieved from pressure, has heaped up mto a cone 
X%. 


Fig. 3. Beginning subcutaneous extensions from the base of a virus-induced 
papilloma in a cottontail (W. R. 5 N) (73 days). X %. 

Fig. 4r. A further stage of the extension (92 days). The discrete nodules 
have migrated along the large veins. The apparent connections with the primary 
growth are due in the main to foldings of the skin, which was stretched for phot ^ 
graphic purposes. The cutaneous horn is raised on the side toward the abd m 
by a subcutaneous mass having the form of partially coalesced spheres. X 3/ 

Fig. 5. A still later stage (137 days). The direction of growth of one Mdule 
(arrow A) has altered, and in consequence it now curves away from the veim At 
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B and C are two prong-like subcutaneous extensions. These are more plainly to 
be seen in Fig. 6. X 5^. 

Fig. 6. Lateral view of the growth (130 days). At A is the subcutaneous nod- 
ule designated with this letter in Fig. 5, and at B and C, the prongs. The inde- 
pendence of the outlying nodules is now evident, as is also the fact that the growths 
connected with the mass, and raising it, have extended from beneath it, not from 
its edge. X 


Plate 28 

Fig. 7. Cross-section of the tip of tlie prong B of Fig. 6, The dark spot con- 
sists of the epithelial cells that have advanced furthest, but most of the tip con- 
sists of reactive connective tissue. It lies between an artery and a large vein 
(arrows). X 25. 

Fig. 8. Subcutaneous extensions from virus-induced papillomas in a cottontail. 
At A is the scar left by excision of a nodule situated in the position of the superficial 
inguinal gland. It w^as connected with the large subcutaneous mass by a narrow 
fibrous cord (see Fig. 13). The ^^pendule” at B was later excised (see Fig. 11). 
Owing to the way in which the animal was held, the skin is raised into a fold 
between the nodule C and the main mass, but actually no deep connection existed 
between them. X 1. 

Fig. 9. A completely keratinized papillomatous nodule in the lung of a 
domestic rabbit. For history see text. X 15. 

Plate 29 

Fig. 10. Sagittal section of tlie prong C of Fig. 6 and the tissue about it. It 
consists mostly of keratinized material, but is irregular in outline owing to the 
invasive activity of the living epithelium. Near its tip small cysts have formed 
secondarDy, and just beyond tliese a large vein can be seen in oblique section 
(V). X7h 

Fig. 11. Section of the subcutaneous '‘pendule’’ of Fig. 8. It has been turned 
so that it appears to extend in a direction opposite to the real one. The growth 
consists mostly of keratinized epithelium and is characteristically papillomatous. 
Its papillae are introverted. X 4. 

Fig. 12. Papilloma growing in the inflamed pulmonary tissue of a domestic 
rabbit. For history see text. X 24. 

Fig. 13. Part of the fibrous cord connecting the large subcutaneous mass of 
Fig. 8 witli the nodule found in the situation of the superficial inguinal gland. 
A profuse reactive tissue surrounds dead epithelium. X 165. 

Fig. 14. Subcutaneous extensions from an anaplastic squamous cell carcinoma 
arising in a papilloma, as seen from the under side. The growth followed the 
large vessels, which have lost their blood content, however, in consequence of 
the excision, and hence arc not visible. For. comparison with Figs. 3 to 6. X 1. 

I‘iG. 15. Longitudinal section of one of the finger-like extensions seen in Fig. 
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14. The growth was a squamous cell carcinoma with pronounced cystic tenden- 
cies. For comparison with Figs. 10 and 11. X 14. 


Plate 30 

Figs. 16, 17, 18, and 19. The fate of emboli of papillomatous tissue in the 
domestic rabbit. The animal furnishing the sections w’as killed 5 days after an 
intravenous injection of bits of a grow^th induced on its skin by virus inoculation. 
In Fig. 16 invasion of the lung is actively under w^ay, but the position of the original 
embolus can be told by the fragments of hair included with it. Fig. 17 shows a 
dying embolus and the vessel in which it has lodged. The epithelial cells have 
formed a sync>aium. In Fig. 18 the embolus at the fork of an artery, has pro- 
hferated and rounded out, but has not yet become attached to the vessel wall. 
In Fig. 19 this has happened and invasion has begun. A nearby embolus has 
undergone cystic degeneration and is thickly encapsulated in connective tissue. 
X91. 


Plate 31 

Fig. 20. A “papilloma of the second order deriving from an ordinary papil- 
loma induced with virus in a domestic rabbit. (All the later figures are from 
such animals). X 15. 

Fig. 21. A deep papilloma of imcertain status. The animal died on the 191st 
day after the inoculation of virus into a scarified square of skin. It had then a 
confluent papillomatous mass several centimeters across, on the skin surface, and 
underlying it and extending somewhat beyond its border a larger subcutaneous 
nodule like a flattened sphere. The figure is taken from a section through the 
edge of both growths. At many points they were directly joined, but in the re- 
gion shown they are separated by the thin layer of the superficial corium (arrow), 
marked as such by nmnerous sebaceous glands and more or less cystic hair follicles. 
They have precisely the same morphology, which is that of a somewhat irregular, 
virus-induced papilloma. Intact epidermis overlies the deep growth. Hematoxy- 
lin and eosin. X 15. 

Fig. 22. Metastasis in a regional lymph gland from a malignant, cystic papil- 
loma such as has been pictured in a previous paper (6). X 324. 

Fig. 23. Implantation nodule on the parietal peritoneum, resulting from the 
intraperitoneal injection of a fragment of an ordinary papilloma procured 23 days 
after virus inoculation, shortly after the growth appeared. The animal was killed 
26 days later. . The growth had entered a blood vessel (vide Fig. 15 of reference 1). 
For comparison with Fig. 22. x 324. 


J- 


Fig. 24. Part of a metastasis of a cystic papilloma in a lymph node X 15 
_ Fig. 25. Another such metastasis. The resemblance to an experimental 
implant of an ordinary virus-induced papilloma is complete X 15 
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Fig. 26. Still another such metastasis in cross-section, showing a living, intro- 
verted, papillomatous process and keratinized material deriving from other, simi- 
lar processes. X 35. 

Fig. 27. The region X, of Fig. 10, as shown in an adjacent section. Save 
for the secondary cystic differentiation the growth resembles a squamous cell 
carcinoma. Much new-formed connective tissue surrounds it nearly everywhere, 
but at a few points it has advanced beyond this and lies amidst the voluntary 
muscle fibres (arrows). X 55. 


Plate 33 

Figs. 28 and 29. Parts of the growths of Figs. 22 and 23 respectively under high 
magnification. The cell arrangement is somewhat more disorderly in each case 
than in the usual virus-induced papilloma, and the entire layer of living cells is 
somewhat flattened (1), but the differentiation is like that occurring in such 
growths. X 310 and 500 respectively. 

Fig. 30. A malignant, cystic papilloma that originated in papillomas due to 
tattooing virus into the skin low down on the side of a rabbit. Many ordinary 
papillomas of the same inoculation are present. All are deeply pigmented and 
some have coalesced. The malignant growth has extended under its neighbors 
and into the skin between them, forming cysts there, not a few of which are sub- 
epidermal, Secondary ulceration has taken place, and, owing to scirrhous shrink- 
age of the connective tissue the papillomas on the other side of the animal have 
been pulled over the ridge of the back-bone and hence are visible in the photo- 
graph. X 1. 

Fig. 31. The same malignant cystic papilloma at an earlier date. It has 
advanced almost to the axilla. X H- 
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STUDIES ON NATURAL IMMUNITY TO PNEUMOCOCCUS 

TYPE in 

IV. Observatioks on a Non-Type Specieic Humoral Factor 

IN^mvED IN Resistance to Pneumococcus Type HI 

By JOHN F. ENDERS, Ph.D., CHAO.-JEN WHJ,* M.D., aot 
MORRIS F. SHAFFER • Pn.D. 

{From the Department of Bacteriology and Immunology, The Earcard 
Medical ScJwol^ Bosioii) 

(Received for publication, May 11, 1936) 

Experimental evidence presented in Paper III^ indicates that 
removal and destruction of both rabbit virulent and avirulent strains 
of Pneumococcus Type III in the normal animal are brought about by 
the same means, namely, the phagocytic cells of the body, provided 
the integrity of the capsule becomes impaired. It leaves unanswered, 
however, the interesting question as to whether this phagocytosis is 
‘^spontaneous, that is, taking place without the intervention of a 
serum component, or whether the adjuvant action of an antibody is 
essential to the process. The following experiments although they 
fail to give a complete answer do nevertheless reveal the participation 
of an antibody reacting with the somatic C carbohydrate of TiUett, 
Goebel and Avery (1) which not only appears to play a role in the 
phagocytosis of normal animals but is probably responsible for bringing 
about the non-type specific immunity which TiUett (2) obtained in 
rabbits vaccinated with R pneumococcus or the smooth form of a 
heterologous typt. 

Methods and Materials 

The strains of Pneumococcus Type ITT and the R variants derived from them 
were the same as those mentioned in Paper 1? 

* At the time this work was done, Dr. Wu held a Travelling Fellowship from 
the Peiping Union Medical School, and Dn Shaffer a Fellowship in the Lledical 
Sciences from the National Research Council. 

^ Enders, J. F., Shaffer, M. F., and Wu, C.-J., J. Exp, Med,, 1936, 64, 306. 

2 Enders, J. F., and Shaffer, M. F., /. Exp, Med,, 1936, 64, 7. 
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The C carbohydrate of the pneumococcus was prepared according to the pro- 
cedure of Tillett, Goebel and Avery from an R variant obtained from our stock 
strain of Pneumococcus Type I. 

The soluble specific substance was prepared from cultures of strain CH accord- 
ing to the procedure of Heidelberger, Goebel and Avery (3). 

Anti-R pneumococcus serum was produced in rabbits according to the method 
described in Paper I. 

References to the techniques used in the phagocytic work have been noted in 
Papers IP and III. 

Effect of C Carbohydrate on the Phagocytosis of Pneumococcus Type III 

by Normal Cells and Serum 

The antiphagocytic effect of the type specific carbohydrate in sys- 
tems containing the homologous antibody has been demonstrated by 
such studies as those of Sia (4) and Ward and Enders (5). This 
antibody, however, appears to be entirely absent in the normal rabbit 
as indicated by the work of Tillett (6), and the observations recorded 
below concerning the effect of the type specific carbohydrate on the 
phagocytosis of Type III pneumococcus in the rabbit system. We 
were induced, therefore, to make a further study of the antibody 
reacting with another known antigenic constituent of this organism, 
namely, the C carbohydrate or species specific polysaccharide of 
Tillett, Goebel and Avery. Particular attention was directed to this 
fraction and its antibody, since the failure of Tillett to produce any 
evidence of increased resistance after injection of pneumococcus 
nucleoprotein would seem to eliminate the homologous antibody from 
any participation in the natural immunity of the rabbit or that which 
ensues when intact R forms or heterologous S strains are employed 
as vaccines. 

In Table I, the effect of adding 1 drop of the C carbohydrate on the phagocyto- 
sis of old cultures of strain SV in 0.25 cc. of a suspension of the leucocytes and 
scrum of a normal rabbit is shown. The number of organisms from a 22 hour 
culture taken up by the cells in the absence of C is reduced about 33 per cent when 
this substance in a dilution of 1:200 is added. A concentration of 1:1,000 ex- 
hibits no depressive action on them, but does influence the ingestion of the 30 hour 
cultures. In another experiment, when a culture much younger than these (10 
hour SV and CH) was used, the effect of the addition of the C carbohydrate was 


^ Shaffer, M. F., Enders, J. F., and Wu, C.-J., /. Exp. Med., 1936, 64, 281. 
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even more pronounced. The introduction of the type specific carbohydrate does 
not reduce the phagocytosis compared with the control of normal serum only. 
In the lower half of the table are included figures obtained from an experiment in 
which the C carbohydrate was added to normal human defibrinated blood. Here, 
its effect is very pronounced when the strain used is SV. With CH, its action 
though definite is less marked. In other experiments of the same kind, smaller 


TABLE I 


Efeci 0 } C Carbohydrate on the Phagocytosis of P7xet(7nococcns Type III by the 
Normal Serum and Polymorphonuclear Leucocytes of Man and the Rabbit 


Stram 

Age of 
culture 

Material tested 

Average 
No. of 
cocci per 

10 cells 

Cells 

containing 

cocci 

No. cells counted 


hrs. 



per cent 



SV 

22 

— 

11.2 

29.0 



SV 

22 

C 1:200 

7.5 

24.2 

264 


SV 

22 

C 1:1,000 

13.3 

40.0 

200 


SV 

22 

SSS in 1:1,000 

12.3 

33.0 

200 


SV 

30 

— 

15.4 

43.0 

210 

Normal rabbit 

SV 

30 

C 1:200 

10.0 

33.0 

200 


SV 

30 

C 1:1,000 

10.8 

27.0 

ISO 


SV 

30 

SSS m 1:1,000 

14-9 

40-0 

200 

serum 

♦SV 

10 

— 

18.4 

32.4 

250 


SV 

10 

C 1:200 

5.4 ' 

11.6 

500 


♦CH 

10 

— 

37.1 

50.8 

250 


CH 

10 

C 1:200 

17.1 

32.4 

250 


SV 

18 



61.0 

94.0 

56 


SV 

18 

C 1:100 

0.2 

2.0 

50 


SV 

18 

SSS m 1:100 

0.0 

0.0 

50 

Nonnal human 

CH 

18 

— 

221.6 

100.0 

50 

> cells and 

CH 

18 

C 1:100 

141.2 

94.0 

50 

serum 

CH 

18 

SSS in 1:100 

32,2 

58.0 

50 



* The data on the 10 hour cultures of CH and SV were obtained in another ex- 
periment, emplo 5 dng the cells and serum of a different rabbit. 


c^uantities of the material have been employed. These depress the phagocytosis 
of strain SV of this age in dilutions as hi^ as 1 : 10,000 to 1 : 100,000. Little or no 
reduction in the numbers of strain CH ingested was brought about by these 
quantities. It is evident from the data that the type specific carbohydrate also 
has a similar action, reducing the numbers of strain SV ingested to zero and 
those of strain CH about seven times. To us this appears to denote that in the 
particular human blood used, both type specific and anti-C antibody were present. 
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To opsonize this 18 hour culture of SV with its greater quantity of capsular ma- 
terial, the combined concentrations of both antibodies were necessary. The avail- 
able amount of either one was by itself insufficient to bring this about. Since in 
the CH organism of this age the loss of capsular constituents is relatively mucli 
greater, opsonization may be accomplished by the concentration of the single 
antibody which remains after the elimination of the other by addition of its ho- 
mologous antigen. Indeed, from information derived from unrecorded experi- 
ments it is probable that certain CH cocci have become at this stage of cultivation 
so susceptible to the attack of phagocytes that they can be ingested in the absence 
of sensitization by either the anti-SSS HI or anti-C, or anti-P antibodies, since 
the addition of all these fractions together fails to remove entirely the phagocytic 
capacity of the system. Such organisms behave like the R variant, for we have 
found that the addition of these three known antigens of the pneumococcus has 
practically no effect on the phagocytosis of R forms by the cells and serum of 
normal rabbits. These facts we consider may also serve to explain the residual 
phagocytosis seen after addition of the C carbohydrate to the rabbit system 
containing 22 hour cultures of strain SV. It is entirely possible that the cocci 
found within cells under these conditions represent forms so far degraded in respect 
to the antigenic properties of the surface that the anti-C antibody is not necessary 
for their opsonization. To eliminate the possibility that the action of the C 
carbohydrate consisted in fixation of complement, rather than in union witli and 
neutralization of an opsonin of the serum, the titre of hemolytic complement in the 
system was determined. No diminution of complement ensued upon the addition 
of the C substance in the quantities employed. 

On the basis of these results, it can be stated that an antibody or 
antibody-like principle in the normal sera of rabbit and man reacting 
with the C carbohydrate of the pneumococcus has a share in the op- 
sonization of both rabbit virulent and avirulent smooth strains of 
Pneumococcus III, provided the capsule has become impaired, for 
it will be recalled from the data presented in Papers II and III that 
when young and fully capsulated, both these organisms are completely 
resistant to phagocytosis in human and rabbit systems. 

The Opsonic Property of Anti-R Pneumococcus Serum 

The fact that an antibody reacting with the C carbohydrate in 
normal serum contributed to the opsonization of the pneumococcus, 
together with the demonstration by Tillett of active and passive im- 
munity in rabbits following injection of R vaccine or anti-R blood or 
serum, led us to determine whether or not a serum prepared in rabbits 
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following prolonged treatment heat-killed R pneumococci could 
increase the phagocjdosis of strains CH and SV. 

The usual technique was modified in the instances where the R serum '^as 
tested by mixing equal volumes of this serum and fresh normal rabbit serum. 
This mixture was added to the exudative leucoc>^es and the red cells whiA had 
been previously removed from the normal serum. In this way the antiserum 

TABLB n 


The Opsonic Effect of Anli-R Tncumococcns Serum on the Phagocytosis oj 
Pneumococcus Type III by Rabbit Leucocytes 


Stmm 

Arc of 
culture 

Constituents of the system 

Average 
No. of 
cx>cci per 

10 cdls 

Cells 

containing 

oood 

No. cells 
counted 


hrs. 



per cerj 


CH 

6 

Normal serum 

5-1 

9.0 

200 

CH 

6 

Normal serum + anti-R serum 

10.2 

17.0 

200 

CH 

6 

Normal serum + anti-R serum 

4- C 1:1,000 

1.7 

3.0 

200 

CH 

16 

Normal senim 

87.0 

86.0 

50 

CH 

16 

Normal serum -f anti-R serum 

128.0 

96.0 

50 

CH 

16 

Normal serum -h anti-R serum 

C 1:1,000 

69.3 

1 

79.0 

100 

SV ! 

16 

Normal serum 

7.6 

18.5 

400 

SV 

16 

Normal serum 4* anti-R serum j 

15.2 ! 

34.0 

400 

SV 

16 

Normal serum 4- anti-R serum 
-bC 1:1,000 

5.1 

15.0 

400 

CH-R 

6 

Normal serum 

385.0 

100.0 

10 

CH-R 

6 

Normal serum 4" anti-R serum 

338.0 

100.0 

10 

CH-R 

6 

Normal serum 4* anti-R serum 

4“ C 1:1,000 

250.0 

100.0 

10 

SV-R 

6 

Normal serum 

108.8 

84.0 

25 

SV-R 

6 

Normal serum 4* anti-R serum 

158.8 

96.0 

25 

SV-R 

6 

Normal serum + anti-R serum 
4- C 1:1,000 

140.0 

97.0 

30 


could be obtained in sufficient concentration to be effective. From the data 
assembled in Table II, it will be seen that in the presence of anti-R serum the 
phagocytosis of a 6 hour culture of CH is increased 100 per cent, that of a 16 hour 
culture about 47 per cent. The number of 16 hour SV organisms ingested is also 
increased by 100 per cent. Addition of 1 drop of 1 : 1,000 dilution of the C carbo- 
hydrate to the mixtures containing the R serum reduces the number of organisms 
phagocyted to a figure which is less than that of the normal serum. The reduction 
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is particularly marked in the case of the 6 hour CH culture. Here, as with strain 
SV in the normal human serum, the greater effect of this substance on the younger 
cultures may, in part, depend upon the amount of surface antigen in relation to the 
quantity of available antibody. In the older culture, antigen is reduced and the 
small amount of antibody which may remain unbound after introduction of the C 
carbohydrate may be still sufficient for sensitization of a considerable number of 
organisms. Moreover, in older cultures, completely degraded forms not requiring 
the C antibody for opsonization have doubtless developed. Had greater con- 
centrations of C carbohydrate been employed in this experiment, the results 
might have been even more striking. 

To obtain information concerning the influence of the anti-R serum on R forms 
of these strains the same type of experiment was done using 6 hour cultures of the 
R variants derived from each. It is evident that the serum has no effect on the 
phagocytosis of that obtained from strain CH. There is possibly some enhance- 
ment of the phagocytosis of strain SV-R, but because of the extremely large num- 
ber of intracellular organisms present in all cases, and the small number of cells 
counted, no conclusive evidence is afforded of any definite action on the R organ- 
isms of this antibody. It is certain that extensive ingestion of these forms may 
occur in its absence. 

Taken as a whole, these experiments indicate that the anti-C anti- 
body present in the serum of rabbits immunized with R vaccine can 
increase the phagocytosis of the rabbit virulent and avirulent pneumo- 
cocci, provided these be obtained from cultures in which the capsules 
of the organisms are no longer intact. 

The Protective Action in Mice of Anti-R Pneumococcus Rabbit Serum 

The previous experiments, since they revealed a certain amount of 
opsonic activity attributable to the anti-C carbohydrate antibody, 
induced us to ascertain whether or not this entity could in the animal 
body act in the capacity of a protective agent. 

To this end a series of mice were injected intraperitoneaUy with 0.5 cc. of anti-R 
pneumococcus rabbit serum prepared by repeated injections of heat-kiUed R 
pneumococci, derived from a strain of Pneumococcus Type I, as noted in the section 
on technique. A second series of animals was given the same quantity of the same 
anti-R serum, from which the precipitin reacting with the C carbohydrate had 
been removed by repeated precipitations at the point at which maximum floccu- 
lation occurred. The original serum gave a positive ring test with a dilution of 
1:10,000 of the carbohydrate. After absorption of precipitin, no reaction was 
obtained using this technique with dilutions of the carbohydrate ranging from 
1:100 to 1:100,000, A third series of animals was injected with 0.5 cc. of the 
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anti-R serum, which had been previously treated mth fresh guinea pig kidney 
with the object of removing the Forssman antibody which has been shown by 
PoweU and coworkers (7), to increase in rabbits die therapeutic action of type 
specific pneumococcus antibody. Before absorption, the anti-R pneumococcus 
serum hemolyzed sheep cells in a dilution of 1:800. After absorption it failed 


TABLE m 

The Proieclive Action in Mice of Attli-R Pneumococcus Sera against Pneumococcus 
Type III and the Effect of Ahsorbhtg Such Sera with C Carbohydrate and 
Giciiica Pig Kidney 



Group 1 

0,5 cc. 
anti-R 
rabbit 
scrum ^ 
inlrapcri- 
toncaUy 

Group 2 

0.5 cc. 
anti-R 
rabbit 
scrum 
absorbed 
Trith C 
intraperi- 
toneally 

Group 3 

0.5 cc. 
anti-R 
rabbit 
serum 
absorbed 
vrith guinea 
pig ludn^ 
intraperi- 
toneally 

Group 4 
0.5 cc. 
normal 
rabbit 
serum ^ 
intraperi- 
toncally 

Group 5 
Untreated 

Remarks 


S 

B 

S 

B 

S 

B 

S 

Q 

S 

B 


Experiment 1 

9 

1 

2 

8 

nd 

nd 

1 

9 

! nd 

nd 

j Groups 1, 2, 4 
received approx- 
imately 5,800 Pn 
intravenously 

Experiment 2 

5 

, S 

! 

0 

11 

7 

; 3 

j 

4 

7 

1 

] 

3 

Groups 1, 2, 3, 4 
received approxi- 
mately 3,400 

Pn intravenously. 
Group 5 received 
approximately 34 
Pn intravenously 

Totals 

, 14 

6 

2 

19 

7 

3 

5 

16 

1 

3 



All mice injected intravenously with 0.2 cc. of dilution of 6 hour broth culture 
of strain SV. 


In the case of each mouse that died a culture of the heart’s blood revealed the 
presence of pneumococcus. 

to do so in a dilution of 1 : 5, —the lowest dilution tested. 0.5 cc. of normal rabbit 
serum was injected into a fourth series of mice. 24 hours later all the mice were 
injected intravenously with 0.2 cc. of a 10“^ dilution of a 6 hour broth culture of 
strain SV. Intravenous inoculation was employed since it was found that little or 
no protection was demonstrable when the culture was injected into the peritoneum. 
The results of two experiments, in only one of which, however, was the serum 
absorbed with guinea pig kidney employed, are summarized in Table III. Al- 








434 


IMMUNITY TO PNEUMOCOCCUS TYPE III. IV 


information concerning the mechanism by which the rabbit virulent 
organisms may be resisted in the absence of the type specific antibody. 
We lack, however, complete data concerning the humoral factors 
which may participate in the removal by the normal animal of either 
this strain or the less virulent strain CH, although the depression of 
phagocytosis in normal cells and serum by the C carbohydrate points 
to a participation of the corresponding antibody. Therefore, the 
attempt was made to reduce the resistance of the normal mouse to 
strain CH inoculated intravenously by an antecedent injection of the 
C carbohydrate with a view to reducing or removing in the animal 
any natural antibody which might react with it, since a similar pro- 
cedure had been found effective in removing the immunity induced 
by previous vaccination with Pneumococcus Type I acetyl polysac- 
charide (Enders and Wu (8)). 

Twenty mice were injected intraperitoneally with 0.5 cc. of 1:500 dilution of 
the C carbohydrate in physiological saline. Another lot was injected with the 
same quantity of saline as controls. 3 hours afterwards, tlie group receiving C 
carbohydrate was divided into four lots of five mice each. Each lot was injected 
with 0.2 cc. of broth dilutions of 6 hour cultures of strain CH, falling from 1:100 
to 1 : 100,000 by tenfold quantities. The controls were divided into lots of four 
each and injected with dilutions from 1 : 10 to 1 : 100,000 of the same culture. No 
significant differences were found in the number of deaths that occurred in lots 
receiving the same quantity of organisms, but one of which had been previously 
treated with the C carbohydrate. 

This failure to demonstrate any depression of the resistance of the 
normal mouse to strain CH by preliminary injection of the C sub- 
stance may be attributed either to the nonparticipation of the corre- 
sponding antibody in this protection, or to its incomplete removal by 
the amount of C carbohydrate administered. We are inclined to 
regard the last hypothesis as more plausible. 

DISCUSSION 

Although the C carbohydrate of the pneumococcus was isolated 6 
years ago, little study has been devoted to its possible r61e in the 
mechanisms of immunity. It is know that this material forms a 
precipitate with its homologous antibody in vitro, and that its dis- 
tribution among bacteria is apparently not limited to the pneumo- 
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COCCUS alone, since cross reactions have been obtained, for example, 
with antimeningococcus serum. Furthermore, observations by Til- 
lett and Francis (9), and by Finland and Dowling (10) show that when 
the C substance is injected intradermally into patients in the early 
stages of pneumonia an inflammatory reaction occurs. Subsequent 
to the time of crisis, the material fails to elicit this response. These 
facts suggest that an antibody reacting with the C substance is present 
during the period of acute illness, but reveal nothing as to its function. 

Before the discovery of the C carbohydrate, it was demonstrated 
that resistance in rabbits against virulent Tjqie III pneumococci 
developed following the injection of vaccines consisting of R organisms, 
or those of heterologous smooth types. Such resistance could be 
passively transferred to other rabbits with the blood or serum of those 
actively immunized. Tillett (2) believed that this protection did not 
depend upon the presence of the antipneumococcus protein antibody, 
or indeed upon the presence of any antibody, since his experiments 
showed that, whereas pure nudeoprotein (at that time the only species 
antigen recognized), or solutions of pneumococd, produced high titres 
of this antibody, but exhibited no protective power, the injection of 
intact R pneumococd or the smooth organisms of a heterologous type 
resulted in the appearance of protective properties in the serum. 

The experiments described in this paper not only serve to suggest 
that the C carbohydrate and its corresponding antibody are involved 
in this non-type spedfic immimity against the pneumococcus, but, 
also, in fulfillment of their immediate objective afford an understand- 
ing of at least one of the humoral factors concerned in the defense of 
the normal animal against the two strains of Pneumococcus Type HE, 
which are our particular concern. Specifically, they have shown 
that the C carbohydrate obtained from cultures of a rough variant of 
Pneumococcus Tjqje I may mhibit the opsonic properties of the normal 
serum of man and the rabbit, which promote the phagocytosis of 
virulent Tjrpe HI pneumococcus. Furthermore, it has been found 
that an antiserum prepared against the same R variant of Pneumo- 
coccus Type I has a defimte, though limi ted, opsonizing effect upon 
the smooth T3q)e III organisms, which is abolished in the presence of 
a suitable quantity of the C carbohydrate. It is to be emphasized 
that the anti-C antibody whether present in normal or immune serum 
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is effective in vitro as an opsonin only against organisms possessing 
imperfect capsules. Evidence that the antibody is active, not merely 
in the test tube, but also in the animal body is presented by experi- 
ments in which the anti-R serum injected into one lot of mice 
apparently affords protection against a subsequent dose of the rabbit 
virulent Pneumococcus Type III provided these be inoculated by the 
intravenous route, while introduction of the same antiserum absorbed 
with the C carbohydrate fails to induce any increase in the resistance of 
the animals. The results of attempts to actively immunize mice against 
this strain by repeated injection of R pneumococcus vaccine have 
proved inconclusive, but suggest that a slight depression of suscep- 
tibility to infection occurs in some animals. Injection of the C sub- 
stance into normal mice previous to intravenous infection with the 
rabbit avirulent strain failed to reduce the high resistance of the ani- 
mals. It also proved impossible by preliminary administration of 
the anti-R serum to increase the resistance of normal mice against CH. 

In spite of these failures, we believe that taken as a whole, the find- 
ings indicate that when the capsule of either strain has become slightly 
damaged, the anti-C antibody, which is present in normal animals in 
small amounts, may exert an opsonizing action which results in pha- 
gocytosis of the organisms, either by the leucoc5>’tes or the fixed tissue 
cells, as has been shown to occur {cf. Paper III). Since alterations in 
the capsule of the rabbit avirulent strain have been demonstrated to 
take place more rapidly, and in a given time are more extensive, it is 
most probable that smaller quantities of this antibody are more effec- 
tive against this strain than against the rabbit virulent strain, whicli 
maintains a large capsule for many hours. It is, however, also clear 
that in vitro capsular degradation may proceed to such an extent 
that sensitization ^vith the anti-C antibody is not necessary’’ as a 
preliminary step in the process of phagocytosis. During the natural 
course of infection this state is probably seldom attained, since be- 
fore it is reached, opsonization by the anti-C antibody would have 
taken place with the resulting elimination of the organism. 

If these findings prove to be correct and are found to have a more 
extensive application, one might possibly regard the anti-C carbohy- 
drate antibody as an important factor in the natural immunity of 
individuals to infection not only with small doses of pneumococci, 
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but with other organisms such as the meningococcus which possess, 
if not an identical, at least a similar antigenic constituent. Indeed, 
it does not appear iUogical to think that this antibody may function 
successfully in protecting from infection those persons such as prac- 
tically ah. infants, many )'oung children and some adults, who have 
in their serum no naturally occu^g antibody corresponding to the 
type specific antigen. 


CONCLUSIONS 

1. The phagocytosis of rabbit virulent and rabbit avirulent strains 
of Pneumococcus Type m by the cells and serum of both man and the 
normal rabbit is decreased by the previous addition of the C carbo- 
hydrate of Tillett, Goebel and Avery. 

2. The addition of anti-R pneumococcus serum to normal rabbit 
serum and cells results in increased phagoc}^tosis of these strains, which 
is removed by the C carbohydrate. 

3. Anti-R pneumococcus rabbit serum will protect mice against 
100 or more m.l.d. 'of the rabbit virulent strain of Pneumococcus 
Type m, provided the organisms are injected by the intravenous 
route. 

4. Absorption of anti-R pneumococcus rabbit serum with the C 
carbohydrate removes the mouse protective property. 

5. The application of these findings to the mechanism responsible 
for the removal of the rabbit virulent and avirulent strains from the 
circulating blood of the normal animal is discussed. 

SmmARY AND GENERAL CONCLUSIONS 

Since there is no evidence for the occurrence of type specific anti- 
body in the normal rabbit and since, as we have shown, the Pneumo- 
coccus Type HI whether avirulent or virulent is not removed from 
the blood stream or destroyed when the capsule is intact, the follow- 
ing factors which have been revealed in the course of our work appear 
to represent certain essential components, if not the complete mech- 
anism, upon which the natural immunity of the rabbit against this 
organism depends, (a) The elevation of the body temperature after 
intravenous infection to 41®C. or thereabouts and its maintenance 
for varying periods. (5) The abiUty of the phagocytic cells, both fixed 
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and mobile, to attack any cocci which have become vulnerable through 
the deterioration of capsular integrity, (c) The adjuvant effect of an 
antibody, reacting with the somatic C carbohydrate, which enhances 
the phagocytosis of such organisms as no longer possess a completely 
intact envelope. 

Conversely, the varying degrees of virulence for rabbits observed 
among Pneumococcus Type III strains are based upon; (a) differences 
in the ability of the organisms to multiply at the elevated temperatures 
encountered in the infected host. Strains markedly susceptible to 
the harmful influence of this factor fail to induce a generalized fatal 
infection. Not all “thermo-resistant” strains are highly virulent, 
however, and these may contrast sharply with regard to (b) size of 
the capsule and the ease with which it is impaired or completely lost. 
The capsules must be maintained intact for a sufiicient time until 
multiplication of the organisms can proceed to such a degree that death 
of the host results. A virulent strains even when capable of growth 
at 41°C. appear to be unable to satisfy this requirement. 

The differences in virulence of various strains apparently con- 
ditioned by these factors are not limited solely to the case of the rabbit, 
since for at least two strains similar differences in virulence have been 
shown to exist when the intravenous route of infection is employed in 
mice. 
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The exact relation of the elementary bodies of vaccinia to the causa- 
tive agent of the disease has long been a subject of discussion. Recent 
observations of others as well as those made by us indicate that it is 
an intimate one, and that in general the infectivity of a suspension is 
related to the number of elementary bodies contained therein (1,2,3). 
Furthermore, the agglutinating properties of a suspension are related 
to the number of elementary bodies present. However, exact observa- 
tions are lacking, and since, because of technical difficulties, the pos- 
sibility of obtaining direct proof of infectivity by the inoculation of a 
single elementary body seems remote, the present work was undertaken 
with the object of applying statistical methods to the elucidation of 
the problems. 


Methods and Materials 

Preparation of Elementary Body Suspensions. — ^The details concerning the man- 
ner of preparation of pure suspensions of elementary bodies have already been 
given (3). For our present work suspensions differing as widely as possible in 
content of elementary bodies were desired, and these were obtained in the follow- 
ing manner. Suspensions of elementary bodies were prepared in the usual way, 
and subjected to sedimentation in an angle centrifuge for different periods of time. 
The various supernatant fluids, containing different amounts of elementary bodies 
were decanted and saved, while the sediments were resuspended in reduced vol- 


* The authors wish to express their thanks to Dr. Hugo Muench for his valu- 
able assistance in the application of statistical methods. 

439 



440 


STATISTICAL STUDIES OF ELEMENTARY BODIES 


umes of fluid. In such preparations there was a 10,000-fold variation in the number 
of elementary bodies. The purity of all suspensions was confirmed by examination 
of smears stained by the Morosow teclinic. 

Counting of Elementary Bodies . — The elementary bodies were counted in a 
Petroff-Hausser counting chamber, fitted with a reinforced cover slip. By means 
of dark field illumination and proper combination of lenses (20 X ocular, 20 X 
8.3 mm. objective), the elementary bodies were readily identified. It was neces- 
sary to cleanse the chamber carefully between each count, and remove all traces 
of oil from the surfaces. Doubly distilled water was used for making all dilutions 
of suspensions of elementary bodies to be counted. It is to be noted that dis- 
tilled water and physiological solution of sodium chloride are suitable for making 
dilutions of suspensions of elementary bodies provided such diluted suspensions 
are not centrifuged; if they are centrifuged, the elementary’’ bodies can he re- 
suspended only with difficulty, if at all, because an irreversible agglutination is 
found to have taken place. Furthermore, the agglutination becomes more pro- 
nounced with each repetition of the washing of the elementary bodies. 

Titration of Virus . — ^Titrations were made by means of intradermal inoculation 
in rabbits of 0.25 cc. of serial dilutions of virus. In order to control the effect of 
variation exhibited hy different rabbits, as well as variation due to the use of 
different sites of inoculation in the same rabbit, the titrations were carried out 
in the following manner. Four samples of virus were usually titrated at the same 
time on four rabbits; each sample was titrated once on each rabbit and the sites 
of inoculation were varied so that each sample appeared once in each of the four 
possible sites* of inoculation, vzs., upper left side, lower left side, etc. Because of 
the regular appearance of generalized lesions caused by the strain of virus used, 
observations were terminated on the Sth day. 

Gates Densitometer . — The densitometer used was of the type described by 
Gates (4), which is a simple instrument for measuring the depth to which a loop 
of 18 gauge nichrome wire must be submerged in a turbid fluid to cause it to be- 
come invisible when viewed from above. Our observations were made in subdued 
daylight with a black surface below the tube (internal diameter 14 mm.) contain- 
ing tlie suspension. 

Agglutination Reaction . — The manner of performing the agglutination reac- 
tion has already been described (3). In these experiments serial dilutions of 
suspensions of elementary bodies were mixed with vaiyung dilutions of antiserum 
in order to determine the greatest dilution of the suspensions in which a visible 
agglutination still occurred. In a similar manner the dilution of elementary' 
bodies was determined which was optimum for titration of serum. 

EXPERIMENTAL 

In the present investigation we have examined statistically a metliod 
of counting elementary bodies of vaccinia by direct observation and 
a rapid method for measuring the density of a suspension of therh. 
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We have also studied the correlation between the elementary body 
content of a suspension and its infectivity. Finally, the number of 
elementary bodies required to produce a visible agglutination in the 
presence of immune serum was estimated, and the optimum number 
for titration of the agglutinating activity of serum was determined. 

Direct Enumeration of Particles 

It has been shown in counts of yeast cells (5) that the distribution 
of the organisms in the squares of the counting chamber is by chance, 

TABLE I 


Distribution of Particles in Counting Chamber 


Ko. of particles 
per square 

Squares containing given 
number of particles — 
observed 

Squares containing given 
number of particles — 
expected 

m 

5 or less 

8 

11 

0.82 

6 

8 

9 

0.11 

7 

IS 

12 

0,75 

8 

17 

13 

1.20 

9 

1 15 

13 

0.31 

10 

10 

12 

0.33 

11 1 

8 

10 

0.40 

12 

10 


1.30 

13 or more 

9 

12 ' 

0.75 


100 


x’ = 5.97 




P = .59 

Mean 

9.04 




and the number of squares containing a given number of organisms, the 
mean being known, may be predicted by means of Poisson’s law of 
small chances. In order to determine whether such a distribution 
occurs also in the case of elementary bodies, which require dark field 
illumination to be made visible and are in constant active Erownian 
movement, the following experiment was performed. 

Experiment 1. A suspension of elementary bodies was prepared and diluted 
in a manner that would yield a concentration of elementary bodies suitable for 
counting. The chamber was charged with this suspension and the number of 
particles contained in each of 100 smaU squares (1/400 sq. mm.) was then deter- 
mined. The ejqieriment was repeated several times. The results of one count 
which is typical of all are set forth in Table I. 
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It wUl be seen from the results shown in Table I that the distribu- 
lon obse^ed agrees very well with that expected; the probability 
at the deviation observed arose from chance alone being 59/100. 

3 this case Vpli = 

t If ^ that size we should 

onhe dfX from the squares 

de^fatitTs 2 r observed standard 

deficLcv J/' n f grouping of counts about a mid value, with a 

to cast doubt on f 'T f ^ discrepancy, however, is not sufficient 

the distrihiv' f ^ r i method, and one may reasonably assume that 
is satisfactorl f Poisson’s law, and that the technic of counting 

ry. It IS then possible to estimate the accur acy to be e.^ected . The 

standard deviation of the mean of a Poisson series is \/ this 

^ y number of counts’ 

of 100 scaarlr^ T « ™"““ >>“«* the observation 

00^01^ “ 0 ,r ^ to be distribnted 

delt?^ ^ ^ “ rt>i3son series. The observed standard 

is however 0 8S "^Vl° ti, based on the observation of 100 squares, 

however 0.85, whUe that expected is 0.30S. We take, therefore, as the besi 

estimate of the standard deviation of the mean ™. . 2^. For a set of 5 counts 

Viv 


we have <rm = 0.380. 


sible PTitirf/^f ^ cleansing the counting chamber it was found impos- 
elementarv ° P'lrticles which could not be distinguished from 

^ttaateSel O' =“oh debrisTn the final 

woHreo affect the results, and 
estimate th j ” ?" “™S“'ar manner, it seemed desirable to 

done i^thtfoTiring m»n‘en '’obris. This was 

parffoTsXiir^ttai'h “ 'taentary body suspension wem pre- 
3, 6, and 9 In orS m l '"'"tf »' Pa'Mes per sqnare was about 

suspension 400-, 200-, and S^Wd' dtt^^ 

were made, the results of tvhid. are sununarized taTaLT 

beurn^rmnf T “ ^““0 " “ ’=0 '“n that the difference 

counts made at various dilutions is much more than can be 
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accounted for on the basis of random sampling. Such an error is most 
likely to be due to the inclusion in the counts of extraneous particles 
present in the diluent and in the counting chamber, but unrelated to 
the sample under observation. This possibility may be tested, and 
the magnitude of the error involved can be estimated by a simple 
procedure. 

If in the least diluted sample P represents the number of elementary- bodies 
present, and p the extraneous particles indicated above, then the observed count 
may be represented as P + With serial twofold dilutions we have counts of 

p ^ p ^ etc., i.e., p remains a constant in the original enumeration. 
After multiply-ing these counts by the dilution to determine the total number of 
particles present per square in the least diluted sample we have P -f P d- 2^, 
P + 4/>, etc., from which the value of p may easily be found. Substituting the 


TABLE n 

Comparison of Counts Made at Different Dilutions of a Suspension 


Dilution of original 
suspension 

Mean Xo. of 
particles per square 

i Standard deviation 

Calculated Ko, of 
particles per square 
of undiluted sus- 
pension 

Corrected value, 
particles per square 

100 

9.32 ! 

0.97 

932 

774 

200 

5.64 


1128 

812 

400 

3.41 

w 

1364 

732 


observed values shown in Table II we find that for the original count, p =*= about 
1.58. Application of this correction j-ields the figures of column 5 which agree 
more closely with each other. 

We may conclude that a more accurate estimate of the number of 
elementary bodies in a suspension has been obtained vrhen the figures 
are corrected for the inevitable presence of debris in the chamber- 

Emimeration of Infectious Units 

In the estimation of the concentration of infectious units in a given 
suspension of vaccine virus, the method usually employed is the fol- 
lowing. Serial tenfold dilutions axe prepared and a portion of each 
dilution is injected intradermally into a rabbit. After a suitable 
period, note is made of the highest dilution of the suspension which 
has given rise to a lesion, and the content of virus in the original 
suspension is said to be represented by the reciprocal of this dilution. 
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Thus if the highest dilution giving rise to a lesion is 10~®, the suspension 
is said to contain 10® infectious units per unit volume inoculated. 
While suitable for ordinary estimations of the amount of virus, this 
method does not lend itself to exact determinations without some 
modification, because of the relatively large influence of chance 
variation. 

If more than one titration is made, the influence of chance is obvi- 
ously decreased, and the result correspondingly more reliable, the 
reliability being in general proportional to the square root of the 
number of observations which enter into the estimation. If the end- 
titer alone is recorded, and a logarithmic average calculated, tlie maxi- 
mum number of observations included is obviously the same as the 
number of titrations performed, and a single widely variant result 


TABLE HI 

Cdlcuhlion oj 50 Per Cent End-Point in Titration of Virus 


Logarithm of 
dilution of virus 

1 Inoculations 
positive 

Inoculations 

negative 

Accumulation- 

positive 

Accumulation — 
negative 

Per cent 
positive 

3 

4 

0 

12 

0 


4 

4 

0 

8 

0 


5 

3 

1 

4 

1 


6 

1 

3 

1 

4 

20 

7 

0 

4 

0 

8 

0 


may have a marked effect on the mean. It is possible, however, to 
increase to a large extent the number of observations utilized in a 
given number of titrations by choosing a different end-point, viz., 
one at which 50 per cent of the inoculations may be expected to be 
positive, and 50 per cent negative (6). This point is probably the 
most stable one that can be selected and the one at which the cliance 
variation of a single determination would have the least influence. 
The method of its calculation is illustrated in Table III, and the 
procedure is carried out as follows; 

The first step is to separate for each dilution the inoculations causing positive 
from those causing negative results. Then the positive and negative results 
respectively are accumulated, the direction in which the accumulation is made 
being of primary importance. Each column is added, beginning with the smaller 
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end. The various sums in each column then represent the number of inoculations 
positive at that dilution and higher dilutions or the number negative at that dilu- 
tion and lower dilutions. The percentage of positives at each dilution and higher 
dUutions is calculated from the data of the summary columns. In this case 
there are 80 per cent positive reactions at 10"^ and 20 per cent at 10“®. 50 per 
cent would then be 30/60 or O.SO of the distance from 10“® to 10“' or 10“'-' which 
is equal to 3.16 X 10“'. The stability of this end-point and the slight effect of 
chance variation of a single inoculation will readily be appreciated on inspection 
of Fig. 1. This diagram is constructed by plotting the proportion of positive 



Ko. pacticles per unit volume 


Fig. 1. Probability of obtaining fertile sample, ivith indicated number of par- 
ticles per cubic centimeter. 

results to be expected against the dilution. It will be seen that when about 50 
per cent of the results are positive the curve is quite steep and relatively large 
variations in the percentage represent relatively minor variations in dilutions. 
If the end-point is selected at which all of the inoculations could be ejected to be 
positive, it will be seen that relatively minor chance variations will represent 
relatively large variations in dilutions of material. 

In the case of particles representing a relatively small part of the 
volumes investigated, such as a few bacteria in 1 cc. samples of fluid, 
the proportion of samples withdrawn which can be expected to contain 
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at least one organism bears a definite relation to the mean number of 
organisms in the whole sample. With elementary bodies, however, it 
has not yet been shown that a single body gives rise to infection, and 
for that reason it is probably unjustifiable to apply this method of 
determining the true number of infectious units in the sample. In the 
present study therefore, the procedure will be adopted of assuming that 
the number of infectious units contained in a suspension is the recip- 
rocal of the dilution which can be expected to give rise to 50 per cent 
of positive inoculations on intradermal injection. Thus a suspension 
giving an end point of 10“® ® would be said to contain 10®-® or 3.16 X 10® 
infectious units. 

Correlation heinveen Number of Elementary Bodies in a Suspension and 

Its Infective Titer 

With the development of technics by which suspensions of ele- 
mentary bodies relatively free from other particulate material can be 
prepared, it became apparent that in general a relation existed between 
the number of elementar}'^ bodies and the infectious units. In order to 
ascertain whether an exact correlation between these two properties 
of a suspension exists, the following experiment was carried out. 

Experiment J. — A number of suspensions were prepared as described above 
which varied widely in their content of elementary bodies. Titration in the 
rabbit was carried out immediately after preparation, and counts of elementary 
bodies were made as promptly as possible. The results are presented in Table IV, 
and in Fig. 2. 

On inspection of Fig. 2, there is seen to be a close association between 
the infectious titer of the suspensions studied and the number of 
particles which they contained as determined by direct count. This is 
expressed by the high correlation coefiicient of 0.845 ± 0.058. At the 
mean of the distribution the ratio of particles to infectious units is that 
of the logarithms 9.62 to 8.0 (4.19 billion to 100 million). However, 
the portion of the curve which has been defined is not sufiiciently long, 
nor is its probable error sufficiently small, to warrant assumptions as 
to its true form. For this reason it is not justifiable to produce the 
cur\'e to its base, and to state that an infectious unit of virus contains 
on an average 41.9 elemcntar>^ bodies. Such a conclusion is not justi- 
fiable on the basis of any statistical information obtained to date. 
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We -wish also to emphasize the fact that the correlation table below 
holds only for the suspensions of elementary bodies prepared in a 
definite manner from a certain strain (C L) of vaccine virus, the infec- 
tivity of which has been determined by intradermal inoculation of 
rabbits. The manner of titration of vaccine virus is of great impor- 
tance for there may be a thousandfold difference between the results 
of dermal and intradermal inoculation. Different strains also vary 

TABLE IV 


Correlation of Infective Titer of Suspensions with the Number of Elementary Bodies 
Determined by Direct Count 


Suspennon No. 

No. of eletDcnUry 
bodies per cc. 

No. of infectious umts 
pcrcc- 

Log — elementary 
bodies—* 

Log — infectious 
units—y 

1 

3.27 X 10* 

8.60 X KP 

7.51 

5.93 

2 

1.18 X 10« 

6.41 X 1(P 


5.81 

3 

9.10 X 10« 

1.52 X 10® 

8.96 

6.18 

4 

7.59 X lO'o 

5.00 X 10® 

10.88 

8.70 

5 

2.39 X 10’ 

1.85 X 10® 

9.38 

8.27 

6 

3.05 X lOu 

1.30 X lO" 

11.48 

10,11 

7 

4.50 X 1010 

8.84 X 10® 

10.65 

9.95 

8 

1.89 X 1010 

1.32X10® 

10.28 

9.12 

9 

4.30 X 10® 

2.72 X 10® 

9.63 

9.43 

10 

2.47 X 10® 

1.85 X 10^ 

9.39 

7.27 

11 

9.40 X 10® 

1-85 X 10' 

8.97 

7.27 

12 

6.29 X 10® 

1.41 X 10® 

9.80 

7.15 

13 

1.37 X IQi® 

6.81 X 10® 

10.13 

8.83 

Mean 

9-62 

8.00 


IT 

1.183 

1.466 



r = 0.845 :h 0.058. 

bi = 0.682, 

62 = 1.042. 


greatly, and we may not safely infer that findings true of one strain 
will be true of all others without qualification. 

Agghtiinaiion Reaciim 

In the agglutination reaction there is a variation in the apparent 
titer of the serum which depends on the number of antigenic particles 
present. This phenomenon, well known in bacteriolog)^, is observed 
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also in tlie titration of serum against elementary bodies, and for each 
suspension, therefore, the dilution must be found which will agglutinate 
in the presence of the highest dilution of serum. At tlie same time, 
it is obvious that when the number of particles present in a suspension 
is reduced below a certain point, no agglutination will take place. It 
has been shown that this latter point is governed largely by the surface 



8 9 10 11 


Log of infectious iinits per cc. 

Fig. 2. Correlation of infectious titer of suspensions with tlie number of ele- 
mentary bodies determined b}' direct count. 

area of the antigen in relation to its mass, and, in a recent paper, 
Merrill (7) has collected a number of observations on this subject. In 
order to obtain more accurate data with regard to the agglutination 
of elementar}- bodies, the following experiment was carried out. 

Expcrimcut 4 . — The optimum dilution of a suspension of elementary' bodies 
for the agglutination test was determined by making several titrations of an im- 
mune serum for each of which a different dilution of elementary bodies was used; 
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the dilutions of elementary body suspensions were selected which showed the 
maximum titer of agglutination. In the determination of the minimum number 
of elementary bodies necessary for the production of visible agglutination, titra- 
tions of elementarj' body suspensions were made using several dilutions of scrum. 
The results of several such experiments are given in Table V. 

Inspection of Table V reveals that the optimum concentration of 
elementary bodies for the titration of serum extended over rather a 
broad range, varying between mean values of log 10.02 (1.05 X 10*®) 
and log 9.31 (2.04 X 10®) particles per cc. The diameter of the ele- 
mentary body of vaccinia is probably between 125 and 175 mji (8). 
If we accept these figures, and apply the calculations outlined by 

TABLE V 


Concentration of Elementary Bodies Required for Visible Agglutination and Optimum 

for Serum Titration 


Log-“No. of elemenU^ bodiK 
per cc. rcqiiiicd for visible reaction 

Log— largest number of elementary 
bodies per cc. ^ving optimum 
agglutination 

Log— least number of elementary 

1 bodies per cc. giving optimum 
agglutination 

8.45 

10.04 

9.43 

7.72 

10.41 

8.66 

8.57 

9.75 

9.15 

8.59 

9.97 

9.67 

8.12 

10.03 

9.67 

Mean 8.29 

10.04 

9.31 


Merrill (7), we learn that visible agglutination is not to be expected 
when the concentration of elementary bodies falls below log 8.26 
particles per cc. It will be seen in Table V that the concentration of 
elementary bodies below which agglutination did not occur, was on 
the average log 8.29 particles per cc. Thus the observed and expected 
findings agreed closely. 

Densitojneler Measurements 

In view of the relation demonstrated to exist between the content 
of elementary bodies and the infective and agglutinating titers of a 
suspension, the rapid estimation of the density of a preparation be- 
comes of practical importance. Methods of estimating the density 
of bacterial suspensions have been described from time to time, one 
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of the simplest being that of Gates (4), which is based upon the fact 
that, for a given suspension, the depth of medium required to obscure 
a wire loop submerged in it is proportional to the number of organisms. 
In order to determine whether this method is suitable for the estima- 
tion of the number of elementary bodies in suspensions, the following 
experiment was performed. 



Fig. 3. Correlation of depth of immersion of loop with density of suspension. 


Experiment 5. — A heavj^ suspension of elementary bodies was prepared and 
2 cc. were placed in the densitometer tube. The depth to which it was necessary 
to submerge the wire loop in order to cause it to disappear was observed, several 
readings being made. The suspension was then diluted progressively with buffer 
solution and readings were made after each dilution. The number of particles 
present in the original suspension was determined by direct count. 

The results of a typical experiment are presented graphically in 
Fig. 3. It will be seen that the determined points fall approximately 
on a straight line, the coefficient of variation of the measurements 
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being roughly 3 per cent. We have included on this graph the number 
of elementary bodies per cubic centimeter. 

In the original description of the method it was shown that in order to obtain 
strict proportionality between the number of organisms and the turbidity of the 
suspension the observed reading must be corrected for an error which is intro- 
duced by the transparency and size of the bacteria. In the case of elementary 
bodies the correction to be applied is evidently within the limits of error of the 
measurement and may therefore be disregarded. Furthermore, by the use of a 
logarithmic scale, the actual number of elementary bodies represented may be ^ 
read oS directly once the disappearance depth of the wire loop for a suspension 
of known concentration has been found. It should be borne in mind, however, 
that the method is a subjective one, involving a number of important variables. 
For that reason it must be standardized by each worker for the conditions under 
which it is to be used, either by counting the number of particles in a suspension 
the density of which has been determined, or by titrating its infectivity. 

SUMHARY AND CONCLUSIONS 

Methods have been described by which the number of elementary 
bodies present in a suspension can be estimated. It has been shown 
that by means of replicate counts, in which the Petroff-Hausser chamb er 
was used, a high degree of accuracy can be attained. By means of 
the Gates densitometer, the number of elementary bodies in a suspen* 
sion can be determined with a coefficient of variation of about 3.0 
per cent. A method has been described by which the accuracy of 
estimation of the infectious titer of a suspension can be increased 
without greatly enlarging the number of animals employed. This 
consists of selecting as the end-point that dilution of virus which on 
intradermal inoculation in a rabbit would lead theoretically to an 
equal number of positive and negative results. The statistical advan- 
tages of this method have been confirmed by the experiences of other 
laboratories. 

By the application of the methods described, there was shown to be 
a direct correlation between the number of elementary bodies and 
the number of infectious units of virus present in a given suspension. 
At the mean of the distribution this ratio is as the logarithms 9.62 
to 8.0. To extrapolate this curve, in order to determine the number 
of elementary bodies present in a single infectious unit, while tempting, 
is probably not justifiable. It must likewise be remembered that the 
data given apply to a particular strain of vaccine virus, and that the 
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number of infectious units has been determined by intradermal inocu- 
lation of rabbits. It appears also that this method may be of value 
in studies of the virulence of different strains of vaccine virus, since 
by its application one may determine not only the infectious titer of a 
suspension, but its content of elementary bodies. 

In the agglutination reaction it was found that optimum titers of 
serum were obtained when the test antigen contained from 2.0 X 10® 
to 1.05 X 10^® elementary bodies per cc. Approximately 1.95 X 10® 
particles per cc. of suspension were required for the production of 
visible agglutination. 
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Materials and Methods 

The results to be reported are based upon an analysis of the blood 
cytology of 180 rabbits representing fifteen standard breeds (Table 
I). A detailed description of these breeds may be found in the 
Catalogue of the American Rabbit and Cavy Breeders Association 
(8)d These fifteen varieties had been propagated in pure line in this 
laboratory from 3 to 8 years under uniform dietary and housing 
conditions. 


TABLE I 


Hemocylological Constitution of Standard Breeds of Rabbits 
Data on Material and Methods 


Breed 

No. of 
animals 

Age 

Bleedings 

j 1 

i 

Determinations 

Mean 

Vari- 
ance of 
mean 

RBC, 
Hb» and| 
platelets 

Total 

WBC 

Total 
smears 1 

K8!B!W 




mos. 

days 


1 


1 


Havana 

24 

7.6 

i 1.27 

3,6 

2.2 , 

3.8 

5.2 

6.5 

700 

Himalayan 

19 

5.1 

0.07 

1.6 

1.3 1 

4.0 

4.0 

5.9 

937 

Belgian 

14 

9.8 

1 4.80 

3.6 

2.4 

4.2 

6.1 

6.6 

814 

English 

' 24 

8.4 

2.47 

3.3 

1.8 

4.2 

5.0 

6.4 

700 

Polish 

16 

8.3 

2.48 

4.1 

2.4 

4.1 

6.4 

6.8 

713 

Dutch 

18 

9,5 

: 3.55 

1 3.0 

1 2.0 

3.5 

5.0 

6.5 

833 

Beveren 

18 

8.9 

3.28 

' 4,3 

1 3.3 

4.7 

5.0 

6.8 

739 

Rex 

13 

7.7 

1.65 

4.0 

2.5 

4.0 

: 6.1 

1 6.5 

715 

Chinchilla 

10 

9.6 

1 4.55 

! 4.0 

! 2.0 

4.0 

5.5 

6.0 

600 

French Silver 

8 

6.3 

— 

4.0 

2.0 

4.0 

. 5.5 

6.0 

, 600 

American Blue 


10.0 

— 

3.0 

1.7 

4.0 

5.0 

5.7 

733 

New Zealand 


4.7 

— 

1.0 

1.0 

4.0 

1 4.0 

5.0 

1000 

Flemish 

3 

10.7 

— 

1.0 

1.0 

4,0 

1 4.0 

5.0 

1000 

Gouda 

2 

5.0 1 

— 

1.0 

1,0 

4.0 

1 4.0 

5.0 

1000 

Tan 

1 

4.7 ' 

— 

3.0 

1.0 

3.0 

1 6.0 

6.0 

600 

Total 

ISO 

8.1 

■ 



4.0 

1 5,4 

1 

6,3 

1 

759 


Sex . — Only male rabbits were employed. 

Age.— The e.xact age o£ each rabbit was known. When the counts extended 
over more than 1 week the age was recorded as being that of the middle of the 

* The animals were all derived from the large rabbit breeding colony of Dr. 
Wade H. Brown which has been maintained at The Rockefeller Institute for some 
years for the study of constitutional problems. 
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period; this period was in no instance longer than 1 month. The majority of the 
animals were from 4 to 10 months old vdth extremes of 3,4 and 36.0 months, and 
a mean age for the 180 animals of 8.1 months. With one exception the mean 
ages of the various breeds were not significantly different. The Himalayan breed 
was the exception with a mean age of 5.1 months. This breed had no animal 
younger than 4.2 months or older than 8.0 months at the time of examination 
(Table I). 

— The diet w'hich was constant throughout the entire period of observation 
consisted of hay, oats, and a commerdal food pellet, with a free access to water. 
The pellet was rich in vitamins and mineral salts. 

Period of Ohservaiio 7 i.— -The observations were begun on Mar. 25, 1931, and 
were terminated on Nov. 5, 1932. The 180 animals were examined as follows: 
14 in March, 1931; 25 in March, 1932; 1 in April, 1931; 41 in April, 1932; 11 in 
May and June, 1931; 10 in September, 1931; 20 in September, 1932; 44 in October, 
1932; 7 in November, 1931; and 7 in November, 1932 (Table 11). Three-fourths 
of the animals were examined in five groups containing 14 to 41 animals per group, 
and each representing a number of breeds. Of the total number of rabbits, 87 
were examined in the spring and 88 in the fall. Only 5 of the 180 rabbits were 
examined in the summer and winter (June, July, August, December, January, and 
February). Of the eleven breeds represented by 6 or more animals, six were 
equally, and five were imequally (Himalayan, English, Beveren, Dutch, and Polish) 
distributed between spring and fall. This point wiU be discussed later. 

Physical Condiiion and Housing . — The animals were in excellent physical 
condition and free from intercurrent disease as far as could be determined by 
frequent inspection. The observations were all made between 1.5 and 21.0 months 
prior to the occurrence of an epidemic of rabbit pox, the first cases of which apH 
peared in this colony late in December, 1932 (9). During the 60 days preceding 
the outbreak only 7 animals were examined. These were distributed as follows: 
2 Havana, 1 Belgian, 1 English, 1 Beveren, 1 Chinchilla, and 1 Black and Tan. 
(Table H). The 7 animals were seemingly healthy, were scattered through six 
breeds and made only 1/26 of the total number examined. Even had rabbit pox 
been present in several of the 7 animals no appreciable bias in the results could 
have occurred. 

The animals were not subjected to any other tests at the time of counting. 
Many of the older animals had been used for breeding. Each animal was kept in 
an individual cage in a well ventilated room with good lighting. 

Hematological TecJmique.^pTom one to six blood samples (average 3.3) were 
obtained from each animal during a period of 1 to 4.5 weeks (average 2.1 weeks). 
The blood samples were taken between 9 and 12 a.m. and between 1.30 and 4 p.m. 
Approximately the same number of counts were made on each breed during the 
morning and afternoon periods. Two individuals alternated in taking the blood 
from the marginal ear vein, and opposite ears were used for succeeding counts. 
(Alcohol, 50 per cent, was used to wet the ear before shaving.) Two or three 
persons made the differential counts using duplicate or triplicate smears and one 
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person made the red blood cell, the hemoglobin, the platelet, and the total white 
blood cell determinations. For each animal from 3 to 6 red blood cell, platelet, 
and hemoglobin estimations were made with the general average of 4.0; 4 to 12 
total white cell counts were made with a general average of 5.4; from 5 to 8 blood 
smears with an average of 6.3. The total number of white blood cells counted on 
all smears for each animal varied from 500 to 1200 with a general mean of 759 

TABLE n 


Distribution of Animals According to Periods of Observation 





B 

E 

Bv 

D 

P 

c 

R 

S 

F 

A 

2 

G 

T 

Totals 

mi 








■ 

■ 








Mar, 25 

0 


2 

3 

0 

0 

0 

1 

1 

0 

3 

0 

0 

0 

0 

14 

Apr. 27 

0 

1 

0 

0 

0 

0 

0 

■ 

t 

0 

0 

0 

0 

0 

0 

1 

May 19. 

0 

0 

0 

0 

0 

0 

0 



0 

0 

2 

4 

0 

0 

6 

June 11 

0 

0 

1 

0 

2 

0 

0 


B 

0 

0 

0 

0 

2 

0 

5 

Sept. 17 

0 

n 

0 

0 

0 

3 

0 

t 

B 

0 

0 

0 

0 

0 

0 

10 

Nov. 18 

0 

Kl 

0 

0 

7 

0 

0 

t 

B 

0 

0 

0 

0 

0 

0 

7 

tP32 

















Mar. 25 


5 

0 

8 

0 

6 

0 

0 

0 


0 

0 

0 

0 

0 

25 

Apr. 19 


0 

4 


1 

0 

6 

5 

5 


0 

2 

0 

0 

0 

41 

Sept. 28 


0 

2 


2 


2 

4 

0 


0 

2 

0 

0 

0 

20 

Oct. 18 


0 

4 

0 

2 


8 

0 

7 


0 

0 

0 

0 

0 

36 

Oct. 28 

1 

0 

0 

1 

3 

1 

0 

0 

1 

1 

0 

0 

1 0 

1 0 

0 

8 

Nov. 3. 

2 

0 

1 

1 

1 

0 

0 

1 

0 

0 

0 

0 

i 0 

1 0 

1 

7 

Total (12 





1 












periods) . . 

24 

19 

14 

24 

18 

18 

16 

10 

13 

8 

3 

6 

4 

2 

1 

180 

Winter 

0 

0 

0 

0 

0 


0 

s 

E 

0 

0 

0 

i 0 

1 0 

0 

0 

Spring 

13 

12 

6 

18 

1 

6 

6 


B 

4 

3 

4 

1 4 

0 

0 

87 

Summer 

0 

0 

1 

0 

2 


0 

B 

B 

0 

0 

0 

0 

2 

' 0 

5 

Fall 

11 

7 

7 

6 

IS 


10 



4 

0 

2 

0 

0 

' 1 

SS 


* Ha, Havana; H, Himalayan; B, Belgian; E, English; Bv, Beveren; D, Dutch; 
P, Polish; C, Chinchilla; R, Rex; S, French Silver; F, Flemish; A, American Blue; 
Z, New Zealand; G, Gouda; T, Black and Tan. 


(Table I). Standardized Trenner automatic pipettes were used. The red blood 
cells and the platelets were counted by the method of Casey and Helmer (10). 
The hemoglobin was determined by the Newcomer method, using a Bausch and 
Lomb hemoglobinometer. Repeated checks with other instruments and by 
several observers were made. The neutral red supravital technique was employed 
for the differential white cell counts. Smears were counted in the open laboratory 
without the use of the hot box, from 1 to 4 hours after their preparation (11). 

Statistical Procedures— AW observations of the 14 blood factors (red blood 
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cells, hemoglobm, platelets, and total white cells, and neutrophiles, eosinophUes, 
basophiles, lympbocj’tes, monocytes, both per cubic millimeter of blood and m per 
cent) were averaged for each animal and the means of these values together wth 
the variance of the means were determined for each breed (12). The analysis of 
the variance and other statistical procedures follow the methods outlined by Fisher 
(13) and Snedecor (12). 


RESULTS 

The breed means of each blood factor are summarized in Table III, 
and the variance of these means (the square of the standard error of 
the mean) for the eight breeds with the largest representation in 
Table IV. A general mean for the nine breeds represented by 10 or 
more animals is presented for each blood factor (Table HI), and also 
for the fifteen breeds (averaging 12 animals per breed) (Table III). 
Means for the 180 animals without regard to breed means are 
presented at the foot of this table.^ 

The most important results, however, concern an analysis to deter- 
mine whether for the various blood factors the variance between the 
eight most represented breeds was greater than the variance within 
these breeds. The results of this analysis expressed by the distribu- 
tion of F are to be found in Table V. The significance of F (12) is 
presented by the probability col umn in this table.^ As shown at the 

^ The two tables can be used as follows: To determine whether the red blood 
cell level in the Havana breed was significantly greater than that in the Rex breed, 
one would proceed in the following manner. First, the difference between 
5,730,000 red blood cells per c.mm. in the 37 Havana rabbits and 4,870,000 red 
cells per c.mm. for the 13 animals in the Rex breed w^as 860,000 red blood cells. 
The sigmficance of this difference is calculated by adding the variance of the mean 
for red cells in the Havana breed of 104 (Table IV) to the variance of 147 for the 
mean red cell level in the Rex breed giving a value of 251. This latter value is the 
variance of the difference. The square root of 251 equals 15.8. This is the 
standard error of the difference, and the difference between the two mean red cell 
values is then expressed as 860,000 ± 158,000 red blood cells. As the difference is 
more than 5 times the standard error of the difference the Havana breed can be 
said to have had a significantly higher red blood cell level than the Rex breed. The 
differences between other blood cell factors can be determined in a similar manner 
by the use of Tables III and IV. 

® Significance is taken to mean a value which should not be expected to occur 
by random association of variables more frequently than once in 100 opportunities, 
and probable sigmficance a value which would not be expected to occur more often 
than once in 20 opportunities or less often than once in 100 opportunities. 
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bottom of Table IV the breeds were found to differ significantly among 
themselves with respect to red blood cells, hemoglobin, blood platelets, 
total white blood cells, to basopliiles, eosinophiles, and lymphocytes 
per cubic millimeter and in per cent, and to neutrophiles in per cent. 
No significant differences in the monocytes per cubic millimeter or in 
per cent, or in the neutrophiles per cubic millimeter, or in the age of 
the various breeds were detected. 

DISCUSSION 

The present study of the hematological constitution of rabbits 
carried out on 180 male animals of known age and breed is unique in 
several respects. Earlier studies of our own (14) as well as those of 
other workers were not corrected for breed and age (15-17). The 
present investigation concerns mean blood levels rather than random 
blood cell determinations, uncorrected for technical error. The ex- 
tent of the variations are, therefore, much less than that reported by 
ourselves or others. The animals were well adapted to cage life and 
were perhaps better nourished and healthier than the mongrels studied 
earlier. It will be seen that the mean red blood cell values for male 
rabbits do not significantly differ from the mean red blood cell values 
for human males as published by Price-Jones (18), Osgood (19), 
Wintrobe (20), McGeorge (21). The mean value compiled from the 
four authors for the 323 healthy young men, averaging about 25 years 
of age, was 5,433,000 red blood cells per c.mm. of blood. This 
differs from the 5,370,000 red blood cells obtained for rabbits by 63,000 
± 45,300, and since the difference is less than twice the standard error, 
it is not significant. It seems quite remarkable that two species so 
widely different as to size and many other characteristics including 
hemoglobin should be alike in this respect. Since the samples of 
both species examined are comparatively large the results are probably 
fairly accurate. 

The present results show significant variation in the blood cell 
levels between the breeds for red blood cells, hemoglobin, basophiles, 
l>Tnphocytes, eosinophiles, platelets, and white blood cells. This 
variation was significantly greater between the breeds than vnthin 
the breeds. This would seem to indicate that in the rabbit genetically 
related individuals have similar blood formulae and genetically unre- 
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lated individuals dissimilar blood formulae. This conclusion is ten- 
able only if it can be shown that no other variables have biased the 
results. A consideration of such factors as age, sex, season, nutrition, 
housing, intercurrent disease, hematological techmque, and stature 
which might influence the results will, therefore, be made. 

Sex and Age— Sex played no part because the animals were males. 
Since the work of Sabin (22) has shown that the blood formula of 
rabbits changes from infancy to maturity some consideration of age 
had to be made. All breeds were of comparable mean age with the 
exception of the Himalayan in which there were no animals older than 
8 or younger than 4 months. The age of this breed was probably sig- 
nificantly less than that of most of the other breeds (P = 0.05). 
However, the remaining breeds which show no difference as to age 
show wide variations in their formulae. In the case of the eight 
breeds with 13 or more animals (Himalayan included) the variance 
between the breeds due to age was not different from the variance 
within the breeds (P = 1.01; Table V). Furthermore, the blood 
formula of the Himalayan breed is that of adults (note the lymphocj'te 
level) and not that of young or immature rabbits. It must be con- 
cluded, therefore, that neither age nor sex will explain the breed dif- 
ferences detected. Again an analysis of the material in various age 
periods revealed no delayed or irregular maturation on the part of any 
breed to accoimt for its blood formula; nor was the variance between 
the various age periods significantly greater than the variance within 
the various age periods for any blood factor. A subsequent publica- 
tion will discuss the age of the animals in relation to their blood 
formula (23). 

Housing and Nutrition . — ^AU the rabbits were subjected to the same 
housing and nutritional conditions and each breed had been pro- 
pagated in pure line in the same laboratory for periods of 3 to 8 years. 
However, it is conceivable and there is evidence to support the con- 
ception that a diet and mdoor life which is suitable for one breed may 
not be suitable for other breeds. Large animals might have had a 
blood formula which differed from that of small or medium sized ani- 
mals in cages of similar size. However, there was a wide variation in 
the blood picture among such small or medium sized animals as the 
Hutch, Himalayan, Polish, Havana, and Enghsh where the confine- 
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ment was comparable. Each animal was kept in an individual cap. 
Possible hereditary variations among the breeds, such as peculiar 
dietary requirements and differences in adaptability to cage life, 
might have been concomitant with, rather than the cause of the 
variations in the blood formula. In this connection the material 
tabulated in Table VI is of interest. The breeds were divided into 
heavy, intermediate, and light groups according to weight. The 
Flemish, New Zealand, American Blue, Blue Beveren, Belgian, and 
French Silver animals, 53 in all, were grouped in the heavy class. The 
Rex, English, and Chinchilla animals were grouped as intermediate. 
The Gouda, Havana, Polish, Himalayan, Tan, and Dutch animals, 80 
in all, were grouped in the light weight class. It will be seen that the 
heavy animals had significantly lower red blood cells and hemoglobin, 
and higher white blood cells, basophiles, and monocytes than the light 
weight animals. That such differences are not associated entirely with 
weight or build is indicated by the formula in the Polish breed which 
had the highest white blood cell level, and in the French Silver which 
had a low basophile level. The information at hand does not indicate 
whether this difference in blood formula is due to body build or weight, 
or whether animals in breeds having similar weights were derived 
genetically from a similar stock. A third factor or factors might be 
responsible for both weight and blood formula. Studies of breed dif- 
ferences in blood formulae in other animal species might clear up this 
point. In any event the results obtained emphasize the genetic con- 
stitution of the blood formula. The significant variations among the 
breeds as to the blood platelets, the eosinophils, and the lymphocytes, 
and the neutrophils in per cent were not associated with differences in 
body weight or size. 

IntercuTrcnt Disccise, Studies in this laboratory have shown wide 
variations in susceptibility of the various breeds to experimental and 
spontaneous diseases. The view that the variations in the blood for- 
mulae as here reported were in reality associated with mmoticed inter- 
current disease might be tenable if the climcal observations had been 
desultory and the blood variations of a simple order. However, the 
former were systematic and the latter so diverse and so often without 
relation to each other that an explanation based on disease conditions 
does not seem plausible or likely. The animals were healthy in ap- 
pearance, showed no loss of weight, and there was no clinical evidence 
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For the hemoglobin and the total and individual white blood cells, 
therefore, there was no bias in the results which could be ascribed to 
season, and no correction was necessary. In the case of the red blood 
cells and the blood platelets, it seemed desirable to correct for seasonal 
variation. This was done by adding 236,000 (the seasonal disparity) 
to each fall red blood cell value, and 35,300 to each fall blood platelet 
value. A series of new mean red blood cell and blood platelet values 
were obtained for each breed which represented the theoretical spring 
level for all 180 animals. A small correction for the five summer 
values was also made. The following tabulation shows the corrected 
red blood cell and blood platelet values, and the direction and amount 
of change. The variation between the breeds was not diminished bj' 
the correction for season, and its significance was not affected either 
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for the red blood cells (F = 5.6, P = 0.01 -), or for the blood platelets 
(F = 4.4, P = 0.01 — ). Therefore, although the animals in the fifteen 
breeds were not distributed evenly between spring and fall these 
seasonal differences played no part in the variance between the breeds 
for any blood factor. Firrthermore, the results on one large group of 
40 animals consisting of various breeds studied during the month of 
April, 1932, are of special interest (Table Vn). 

The group comprised 7 Havana, 6 Polish, 4 Belgian, 5 Rex, 5 
Chinchilla, 7 English, 2 American Blue, and 4 French Silver animals 
There was no significant variation in the ages of the 40 animals’ 
These rabbits were counted in 4 different weeks during this month, 
and an unusually large number of observations made on each animal 
The time of the day was held constant by counting each animal once 
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during the period between 9 and 10.30 a.m., 10.30 and 12 a.m., 1.30 
and 3 p.m., and 3 and 4.30 p.m. In order to do this, the order of 
counting was changed every week. Individuals from the various 
breeds were alternated so that the animals in a given breed were not 
examined consecutively. The factors of time of day, and of week, 
month, and year were thus held constant. Nevertheless, with only a 
few animals represented per breed the variance between the breeds was 
significantly greater than the variance within the breeds for hemoglo- 
bin (F = 4.4, P = 0.01—), for basophiles (F = 3.2, P = 0.01), and 
for lymphocytes (F = 7.8, P = 0.01 -). Hemoglobin, basophiles, 
and lymphocytes showed the greatest variation between the breeds 
in the larger series as well. It is possible that significant breed dif- 
ferences for red blood cells, platelets, and white blood cells would also 
have been found in this group had there been a larger number of 
animals. The results on this small group offer other conclusive evi- 
dence, therefore, that the variance between the breeds was not due to 
season. 

Breed Relationships . — ^The exact origin of most of the standard 
breeds of rabbits is unknown or uncertain, and considerable out- 
crossing has been practiced from time to time to maintain the vigor of 
the stock. Although such outcrossing had not been carried out in 
this laboratory among the breed lines reported in this paper, there is 
no certainty as to how much this was done before the stocks were 
brought into the laboratorj\ There is no certainty that the sample 
animals for any breed have the same hemocytological constitution as 
other samples of the same breed elsewhere. It is known that the 
Havana line used is related to the Dutch in body build, size, and dis- 
position; also inbreeding occasionally demonstrates Dutch markings in 
pure Havana rabbits. It is also known that the English are in some 
way related to the Belgians, both being unique in having a greyhound 
type of body build and similar dispositions. It seemed desirable, 
therefore, to determine whether or not the blood formulae of related 
breeds are similar. This was approached indirectly by determining 
whether related breeds had fewer blood differences than unrelated 
breeds. This was the case. The Havana blood formula resembled 
the blood formula of the Dutch more closely than that of any of the 
other breeds adequately represented, that is, there were fewer signifi- 
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cant differences. The same was true for the English and the Belgian. 
Two distinctive breeds such as the Polish and the Himalayan which 
are unlike any of the other breeds or each other had blood formulae 
which were also distinctive and unlike that of other breeds. A similar 
comparison for the fur breeds such as the Cinchilla, Rex, and Beveren 
is unsatisfactory since coat color or texture may be introduced into 
various breeds. Thus one may have a Dutch animal with a Rex coat. 
Analogies as to the blood formulae of these breeds are perhaps un- 
justified. The Beveren, for example, was found to have a blood 
formula very similar to that of the Belgian, and although both are 
large animals and of common Flemish origin no knowledge of inter- 
breeding is available. Finally it should be pointed out that the blood 
factors observed were but a small sample of the constitutional factors 
which might have been chosen. The fact that two breeds are alike 
in a few blood factors does not indicate that the}’’ are necessarily alike 
in other constitutional factors. Of significance, therefore, is the fact 
that breeds known to be related in genetic origin were also found to 
have related blood pictures. Certain peculiarities of the breed 
formulae may be discussed in a subsequent paper. 

SUMMARY AND CONCLUSION 

A study of the red blood cells, hemoglobin, blood platelets, and tlie 
total and individual white blood cells was made on 180 male rabbits of 
known age and representing fifteen standard breeds. An attempt was 
made to eliminate or hold constant such variables as age, sex, season, 
time of examination, technical errors, food, housing, and disease. 
The mean, variance of the mean, and standard deviation were cal- 
culated for each breed sample and for the group as a whole. An 
analysis of the variance showed that the variation between the breed 
samples was significantly greater than the variation within the breed 
samples for the red blood cells, hemoglobin, blood platelets, total 
white blood cells, basophiles, eosinophiles, and lymphocytes per cubic 
millimeter and in per cent and the neutrophiles in per cent. No sig- 
nificant variations were detected in the monocytes except when the 
breeds were divided into heavy and light breeds. No variation in the 
neutrophiles per cubic millimeter was detected; a large number of the 
breeds had exactlv the same mean neutrophile level. Characteristic 
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blood formulae were found for the various breed samples having an 
adequate numerical representation. It was concluded that the 
varying blood formulae could not be explained on any other, except 
an hereditary (genetic) basis. 
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Pavlov (1) discovered in 1904 that biliary fistula in dogs may lead 
to definite changes in the osseous system. On the basis of studies (2) 
on this subject which were published in 1932, we concluded that this 
bone disease could be considered rachitic provided the biliary fistula 
was performed in puppies from 6 to 7 weeks of age which had been 
deprived of vitamin D and sunlight from birth on throughout the 
period of the experiment. It is important, furthermore, that a cer- 
tain rate of growth be maintained for from 4 to 6 weeks after the opera- 
tion, so that the rachitic bone lesions may become manifest. 

The foregoing conclusion was reached from the following facts: 
presence of hypophosphatemia; impaired phosphorus and calcium 
balance; bone changes identified as rachitic in nature by chemical, 
histological, and roentgenological examination; spontaneous occur- 
rence of tetanic convulsions in one dog accompanied by hypocalcemia 
and increased mechanical and electrical excitability; and, finally, the 
curative effect of vitamin D. 

In spite of this evidence which, to a great extent, was in favor of the 
diagnosis of rickets, there was one chief reason for doubting whether 
this condition might be compared, from the point of view of the 
metabolism, with rickets that occurs spontaneously in infants or with 
rickets that is induced by diet in rats; namely, the inhibited weight 
curve of the puppies which had been operated on. It was shown 
that the animals in which the gall bladder fistula had been estab- 
lished gained in weight for from 4 to 6 weeks after the operation, al- 

♦ These studies were made partly in the Universitatskinderklinik, Freiburg i. 
Br., Germany. 
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The data presented in Tables I and IV show that the gall bladder 
fistula puppies had a distinctly decreased retention for nitrogen, po- 
tassium, and chlorine, as compared with the control group, whereas no 
difference was found in the sodium balance. The extremely low so- 
dium content of the dog biscuits might have caused the decidedly 
negative sodium balance found even in the control dogs; doubt is 
consequently cast on an interpretation of the increased sodium output 
in the rachitic animals. 

The loss of nitrogen, potassium, and chlorine must be explained to a 
great extent, according to the results obtained, by an increased ex- 
cretion in the urine. To consider these findings the result of an inter- 
ference in intestinal absorption is, therefore, out of the question. 
Even the loss of calcium and phosphates, data for which have been 
reported in detail in a previous paper (2), cannot be traced to dimin- 
ished absorption, because it was found that the ratio of phosphates 
in the stool and urine did not show the increase that it is a well known 
characteristic of the usual disturbed balance in rickets. 

These results point directly to the assumption that, in spite of the 
fully developed rachitic picture in the gall bladder fistula dogs, the 
disease observed here must be considered distinctly different from 
that found in infantile rickets, chiefly because nothing is known as 
yet about a disturbed balance in infantile rickets concerning other 
substances than calcium and phosphate. The work done by Schloss 
(3) in 1916 has been the basis for this assumption. He found that the 
metabolism of nitrogen, potassium, and sodium in infants suffering 
from rickets was entirely normal. His studies, however, do not seem 
to have been repeated, in spite of the fact that his results are of pri- 
mary importance to the pathogenetic conception of the rachitic state. 

Nitrogen, Potassium, Sodium, and Chlorine Metabolism in Rickets and 
during the Healing of Rickets in Infants 

In view of the fact that the results of the experiments on dogs, just 
reported, differ greatly from those stated by Schloss to have been 
found in infants, it was thought worth while to investigate the bal- 
ance of these substances in rachitic infants and in rachitic rats. It is 
also true that diagnostic and therapeutic methods have become much 
more accurate since 1916. 
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Another reason for these further studies was the fact that it is still 
widely assumed that rachitic hypophosphatemia may be explained 
by a lack of intestinal absorption of calcium and phosphates (8). 
There are, however, so far as infantile rickets is concerned, many 
data (9) which cannot be brought into accord with this theory. The 
increased excretion of calcium and phosphates in the feces in rickets 
might just as well be attributed to increased excretion through the 
intestinal wall. The absorption theory would, on the other hand, be 
greatly strengthened if one were to find in rickets an increased fecal 
output also of substances that are not subject to reexcretion through 
the intestines, for instance, nitrogen, potassium, sodium, and chlorine. 

The metabolism of nitrogen, potassium, and chlorine was studied in four in- 
fants in periods of 6 days, — in three of these infants while they were ill with 
rickets and during the process of healing brought about by* administration of 
vitamin D (see Table 11). In order to keep conditions comparable during both 
the rachitic and the healing periods, the same food was given throughout. Infant 
Me was fed half milk, half gruel, with 5 per cent of dextrimaltose added, while 
infants Be, We, and Toz were fed half whole, half skimmed milk, with 6 to 8 per 
cent karo sugar added. Charcoal was used as marker; stool and urine specimens 
were collected quantitatively and saved in the refrigerator in two parts after having 
been acidified or alkalized with H 2 SO 4 or NaOH, respectively. Apart from the 
rickets, the infants were healthy, and had good, formed stools, with the exception 
of infant We in the rachitic period, when he developed loose and pasty stools- 
These values, therefore, are excluded from the calculation of averages (Table RO- 

No difference was found for the nitrogen and potassium balances in 
the two groups, exceeding the possibility of experimental error. Con- 
sidering the average values, there seems to be an increased output of 
chlorine in the rachitic infants, which, however, does not prove con- 
stant when compared in the same child in each group. Average values 
obtained in a small group may not be reliable enough to be the basis 
for any further conclusion. The distribution of nitrogen, potassium, 
and chlorine in stool and urine is practically identical in both groups. 
This is further evidence of the accidental nature of the chlorine bal- 
ance in the rachitic infants. 

The conclusion to be drawn from these experiments must conse- 
quently be that, in agreement with the results of Schloss (3), the me- 
tabolism of nitrogen, potassium, and chlorine in infants ill with rickets 
must be considered entirely normal. The sodium balance could be 
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studied in only one case, and the results were in accord with the find- 
ings for nitrogen, potassium, and chlorine. 

Nitrogen, Potassium, Sodium, and Chlorine Metabolism in Rickets and 
during the Healing of Rickets in Rats 

The results obtained from the studies made on infants, reported 
above, were confirmed by the following investigation of the nitrogen, 
potassium, sodium, and chlorine metabolism in seventeen rats (see 
Table III). 

Eleven rats were studied while they were in a rachitic condition. The remain- 
ing six were given 10 prophylactic units of vigantol daily, ^ beginning 4 days before 
the metabolism period started. At the end of the 8 day metabolism period, the 
bones of these six rats were almost completely healed, as shown by roentgenogram. 
The rats of both the rachitic and the healing groups were weaned at the age of 3 
weeks, and from this time on were fed McCollum’s diet 3143. The metabolism 
cages were built according to Schultzer (10). Carmine was used as marker. 

It may be seen from Tables III and IV that the balance and dis- 
tribution of nitrogen, potassium, sodium, and chlorine in stool and 
urine were very much the same in both groups, whether or not the 
rickets had been cured. 


COMMENT 

The results of the three experiments described lead to the conclu- 
sion that the disease which developed in puppies deprived of vitamin 
D and sunlight for from 4 to 8 weeks after a gall bladder fistula had 
been established must be considered different in nature from infantile 
rickets or from rickets experimentally induced in rats. So far as the 
bone lesions are concerned, which in all three cases developed because 
of a diminished content of inorganic phosphate in the blood, we are 
dealing with rickets in the gall bladder fistula dogs as well. This has 
been reported in detail in a previous paper (2). The main distinction, 
however, between rickets induced by biliary fistula and other forms of 
rickets has been found to lie in an alteration of the entire metabolism 
in the former, such as is by no means present in infantile ridcets or in 

- One drop of vigantol to 20 cc. of olive oil. One drop of this solution was used 
and administered by pipette daily to all rats except Nos. 24 and 25 which received 
this dose cverj' 2nd day. 



WALTER HEYMANN 


479 



Detailed data concerning the vigantol medication are given in the text. 



SiiiHiHCty of Average Volaes Obtained from Data iiv Tables /, //, and III 
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experimental rickets in the rat. The disturbance of the metabolism 
in biliar)’^ fistula rickets in dogs led to an inhibited gain in weight and, 
furthermore, to an increased excretion not only of calcium and phos- 
phates but also of nitrogen, potassium, sodium, and chlorine. The 
infants ill with rickets, on the other hand— and this was found to be 
true also of the rachitic rats — showed an isolated disturbance in the 
calcium-phosphate metabolism, while the nitrogen, potassium, so- 
dium, and chlorine were retained and excreted in an entirely normal 
way. Loss of calcium and phosphates in biliary fistula rickets, con- 
sequently, may possibly be onl}’’ one part of a general metabolic dis- 
turbance and may lead, because it occurs in animals that are stiU 
growing, merely to what might be called a rachitic symptom complex. 
There is little doubt, however, that a lack of vitamin D has an impor- 
tant bearing upon the pathogenesis of this disease, which to a great 
extent proved to be curable by the administration of vitamin D. On 
the other hand, under the conditions described, a lack of this vitamin 
is not, most probably, the only cause of the entire condition. 

It has been shown by Greaves and Schmidt (11) that bile is essential 
to the absorption of carotene. It might be foimd in further studies 
that vitamins other than A and D are involved, vitamins, for instance, 
that might not be absorbed or utilized in biliary fistula animals. Ex- 
periments are needed to clarify the roles of the different causative 
factors, the elimination of which might finally lead to the experimental 
production of a purely rachitic state. 

Metabolism studies of substances such as nitrogen, potassium, so- 
dium, and chlorine, which are not subject to reexcretion through the 
intestinal wall — studies which led to entirely normal figures in rachitic 
infants as well as in rachitic rats — do not favor the so called absorption 
theory of Howland (8). This theory assumes that in rickets the sTnall 
intestines fail to absorb calcium and phosphates no rmall y If ft ffad 
been found that the absorption of nitrogen, potassium, sodium, and 
chlorine was interfered with in rickets, a failure in the absorption also 
of phosphates and calcium would, by analogy, become more probable. 
To assume, however, only an isolated failure to absorb phosphates and 
^Icium, substances that are subject to reexcretion through the large 
intestine, seems rather arbitrary. Even though the discovery of the 
so called beryllium rickets by Kay and his coworkers (12) has estab- 
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lished that a failure to absorb phosphates may be one of different 
possible causes for the production of rickets in rats, there is thus far 
no conclusive evidence that this should also be the mechanism in 
infantile rickets® (9). 


SUMMARY 

1. Rickets developed in three puppies deprived of vitamin D and 
sunlight since birth, in which, at the age of 6 to 7 weeks gall bladder 
fistula was established. The results of studies of their bones and of 
the calcium and phosphate metabolism have previously been pub- 
lished (2). Studies on the nitrogen, potassium, sodium, and chlorine 
metabolism, here presented, reveal that the metabolism was greatly 
interfered with as compared with that in three controls without gall 
bladder fistula rickets. This interference, together with an inhibited 
gain in weight, demonstrates that the pathogenesis of biliary fistula 
rickets in puppies has to be considered distinctly different from in- 
fantile rickets as well as from rickets produced in rats. 

2. The nitrogen, potassium, sodium, and chlorine metabolism was 
also studied in three rachitic and four healthy infants, and in eleven 
rachitic and six control rats. The balance of these substances, as well 
as their distribution in stool and urine, proved to be the same whether 
or not rickets was present. 

3. The pathogenesis of biliary fistula rickets is discussed on the 
basis of these studies. The assumption has been made that defi- 
ciency in other vitamins than vitamin D might have a bearing upon 
the development of this disease. F urther study with a view to possible 
elimination of these unspecific factors might lead to the experimental 
production by gall bladder fistula of a purely rachitic state. 

4. The normal balance and distribution of nitrogen, potassium, 
sodium, and chlorine in the stool and urine of rachitic infants and rats 
arc considered further evidence of the hypothetical nature of the so 
called absorption theory in infantile rickets. 

® It might be mentioned here that the rate of intestinal absorption of carotene 
in two rachitic infants, determined by means of a method recently described (13), 
was found to be entirely normal in both infants: infant SL absorbed, on three 
different occasions, 78, 76, and 82 per cent of the amount of carotene in oil given by 
mouth, and infant BH, on two different occasions, 55 and 67 per cent. 
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STUDIES ON INFLAMMATION 

XII. Mechanism: or Increased Carillary Permeability. A 
Critique of the Histamine HYPOTHESis*t 

Bv VALY MENKIN, M.D. 

{From the Department of Pathology, The Harvard Medical School, Boston) 

Plate 34 

(Received for publication, June 4, 1936) 

Inflammatory changes are initiated with disturbances in local fluid 
exchange. There is an early vasodilatation accompanied by an in- 
crease in capillary pressure (1). This seems to be referable to a stimu- 
lation of the axone reflex. Many years ago Cohnherm pointed out 
that capillary permeability increased as a result of direct endothelial 
injury (2) . The augmentation in seepage through the capillary waU 
may be detected as early as 2 minutes after the introduction of an 
irritant (3). The studies of Ricker and Regendanz, of Flore}’-, and of 
Landis indicate that it is primarily injury and not mere dilatation of 
the capillary wall which increases its permeability (4-6). The conse- 
quent outpouring of plasma proteins reduces the osmotic pressure of 
the plasma colloids in the blood and thus enhances the effectiveness of 
the hydrostatic pressure in promoting the passage of fluid into the 
extracapfllar}’- spaces. The studies of Hudack and McMaster (7, 8) 
indicate that in the initial phase of the inflammatory reaction there 
seems like-wise to be an increase in the permeability of the afferent 
lymphatics with probably an accompanying increase in the lymph 
flow. As the inflammatory reaction develops and if it progresses in 
intensity the lymphatic drainage becomes impeded by the presence of 

* Read before the American Society for Experimental Pathology, Washington, 
D. C., March 26, 1936. 

t Aided by grants from the Wellington Memorial Research Fund, from the 
Permanent Charity Fund of The Harvard Medical School, from the Milton Fund 
of Harvard University, and by grants from the Committee for Scientific Research 
and from the Coundl of Pharmacy and Chemistry, American Medical Association. 
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STUDIES ON INFLAMMATION. XII 


thrombi in the lymphatic channels and coagulated plasma in the 
inflamed area (9-11). 

In earlier studies we pointed out that the initial increase in capillary 
permeability is readily demonstrable by the accumulation from the 
circulating blood of various substances at the site of inflammation. 
These include a dye, graphite material, and bacteria. With the types 
of irritants employed quantitative measurements revealed that the 
capillary permeability was increased twofold in acute inflammation 
(12-14). 

The precise mechanism involved in the initial augmentation in 
capillary permeability in injury is obviously of considerable impor- 
tance. Several years ago Lewis postulated the development of a type 
reaction primarily referable to a chemical H substance liberated from 
injured tissue. The H substance is presumably histamine or a sub- 
stance having similar properties and therefore resembling it closely 
(15). According to Lewis and Grant the type reaction as elicited by 
the cutaneous injection of histamine manifests itself in three ways: 
(a) a local vasodilatation of capillaries, venules, and arterioles by direct 
action; (b) a widespread dilatation of outlying arterioles resulting 
from a local reflex; and (c) an increase in the permeability of the minute 
vessels by direct action (16). This type reaction leads to local edema 
of the skin. They conclude that : 

**The vascular reactions of the skin in urticaria facticia in response to single strokes, 
and incidentally of normal skins to repeated strokes, are closely compared. The reactions 
arc in general and in detail identical with those of the type reaction. From this com- 
parison, and from further evidence of a more direct kind, it seems clear that the reactions 
of the skin to stroking result from the liberation of a chemical substance in the skin, this 
substance having a histamine-like action on the blood vessels and nerves. Less extensive 
comparisons of the skin’s response to scratches and pin pricks, and to excessive heat, 
indicate that these responses are of a similar or identical kind and that these are deter- 
mined by a chemical stimulus.” 

The conclusions of Lewis and Grant appear to be based largely on 
an analogy of the t}q)e reaction obtained by histamine with that of a 
variety of other injurious agents. When more direct tests were per- 
formed on the effect of the skin wheal fluid on the contraction of the 
guinea pig uterus, they were unable to obtain any evidence that hista- 
mine was liberated in larger quantities from injured tissue than was 
found in normal plasma. Nevertheless Lewis (15) concludes later 
that: 
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“It is difficult to refrain from stating without reserve the simple conclusion that the 
vasodilator substance considered and the H-substance arc one and the same, and that this 
substance is histamine, free or held in loose combination.” Further on he continues; 
“Nevertheless there are instances of response to skin injury in which disintegration 
products cannot be neglected entirely as a possible factor. It is desirable that they should 
still be remembered and further considered, and for this reason I shall continue to refer to 
H-substance in preference to histamine.” 

Krogh (17) accepts unreservedly the view first foreshadowed by the 
work of Ebbecke (18) and later chiefly sponsored by Lewis that under 
certain s tim uli the tissue cells will liberate substances having a dilator 
effect on capillaries; but at the same time he finds it impossible to 
assume that in all cases the action is referable to a single chemical 
H substance. For this reason Krogh postulates the possibility of two 
effective substances liberated from injured cells: a diffusible factor 
closely related to histamine, if not histamine itself; and an EE colloid 
substance which is probably less diffusible. Rous and Gilding (19) 
raise considerable doubt concerning the validity of a h 5 rpothesis which 
refers all local vasodilatation to the action of a single chemical sub- 
stance liberated within tissues. They clearly demonstrated that the 
vascular contraction in Bier’s spots prevailed over the local reddening 
induced by mechanical injury, whereas it was without effect upon the 
local vasodilatation induced by cutaneous injection of histamine. 
More recently Goldschmidt and McGlone (20) have studied the failure 
of a reactive hyperemia occurring with arrested circulation in an 
oxygen atmosphere. They have compared their findings with the 
histamine reaction in a similar oxygenated and ischemic environment. 
Their observations on the hiunan forearm seem incompatible with the 
view that the vasodilatation responsible for reactive hyperemia is 
due to an H substance identical with histamine. 

The present study was undertaken in order to determine whether 
one or more substances could be obtained from inflammatory exudates 
which, when introduced into normal cutaneous tissue, would induce 
local vasodilatation and an increase in the permeability of the capil- 
lary wall. Furthermore the properties of the active fractions which 
have been obtained from inflammatory exudates have been compared 
with histamine in an endeavor to test Lewis’ hypothesis. In brief, 
the experiments about to be described indicate that a diffusible crys- 
talline-like material capable of increasing capillary permeability is 
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present in inflammatory exudates. By appropriate tests tliis active 
principle has been shown to lack the properties characteristic of hista- 
mine, thus apparently ruling out the latter as of any primary signif- 
icance in inflammation. Studies reported in a preliminary communi- 
cation suggest that the twofold increase in potassium content found 
in exudates, as compared to blood serum, even as early as the first few 
hours of the inflammatory reaction may be connected in some way with 
the active factor (21).^ In addition it was pointed out that organic 
compounds, other than histamine, including various products of prote- 
olytic breakdown, such as amino acids, usually found increased in 
concentration in an exudate, likewise seem to have some effect in 
augmenting the permeability of capillaries during the course of the 
inflammatory process. The present report, however, will be confined 
to a description of the procedure adopted in isolating the active 
principle from an inflammatory exudate and to compare it in its 
properties to histamine. Studies on its chemical identification will 
form the subject of separate future communications. 

EXPERIMENTAL 

Inflammatory exudates, obtained by several different techniques, were studied. 
A convenient method of obtaining an abundance of exudative material is through 
the intrapleural injection of about 2 cc. of turpentine in dogs (22). Several ex- 
periments were also performed with exudates produced by the injection of minute 
amounts of croton oil in olive oil into the thoracic cavity of rabbits. In addition 
small quantities of exudate were obtained in the rabbit from cutaneous areas of 
inflammation induced by Staphylococcus aureus. Finally, in a few instances, to 
rule out the possibility of an admixture of an injected irritant with the exudate, 
sufficient edematous material was recovered by immersion, under ether anesthesia, 
of a rabbit’s fore limb into almost boiling water for 1 J minutes. 

The Presence in Inflainmalory Exudates of a Sithsiance Inducing 
Increased Capillary Perviedbility 

As a rule the exudates were obtained from the thoracic cavity of dogs. The du- 
ration of inflammation ranged from 1 to several days. 0.2 cc. of the centrifugalized 

^ The average potassium content of 14 blood serum determinations on dogs was 
18.2 mg. per 100 cc. in comparison with an average level of 36 mg. per 100 cc. in 
a similar number of determinations on exudates. Osterhout pointed out that 
with injur}’ to a cell there is a fall in potential difference and a consequent estab- 
lishment of a current with outward migration of potassium ions (25). The pos- 
sible implications of these findings to problems of permeability in inflammation are 
obvious and arc accordingly being studied further. 
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cell-free exudate was injected into the normal skin of a rabbit.* This was immedi- 
ately followed by the injection of 10 or 15 cc. of 1 per cent trypan blue in saline 
into the ear vein of the same animal. In the great majority of cases the treated 
cutaneous areas stained intensely and practically homogeneously with the dye. 
The accumulation of trypan blue occurred as early as 1 to 3 minutes after the 
intracutaneous inoculation of the cell-free exudate. The intensity of the staining 
in the injected area increased with time, reaching a maximum in about 10 to 15 
minutes (see areas 4 and 4 a, Fig. 1). The cell-free exudate, when diluted 1 part 
in 10 vdth serum or water, still manifested an effect on the permeability of normal 
capillaries. In this dilution, however, the staining was relegated to the periphery 
of the treated skin areas. 

Careful comparative studies have shown that the presence of small 
amounts of the active factor in a diluted exudate or as found in un- 
diluted blood serum will invariably produce staining only of the out- 
lying portion of the treated skin area. This difference in staining 
pattern is a convenient gauge of the concentration of active substance 
affecting capillary permeability in a given amount of body fluid 
material. 

To rule out the effect of turpentine per se, this substance was sus- 
pended in a volume of water corresponding to the amount of exudate 
likely to be recovered from an intrapleural injection of 2 cc. of this 
irritant. The intracutaneous injection of this turpentine emulsion 
failed to produce, in the time required for the usual experiment, an 
accumulation of dye from the circulating blood stream. Furthermore 
an exudate obtained from inflamed tissues induced by a burn re- 
sponded as actively as did the exudates produced by turpentine. 
When the edematous fluid of a 1 day old inflammatory area caused by 
Staphylococcus aureus was inoculated into normal skin tissue and a 
dye was injected intravenously, the cutaneous area was diffusely 
stained within several minutes. The active factor was evidently not 
the microorganism per se, for in an equal interval of time a heavy broth 

2 The same experiment was repeated by injection of the cell-free exudate, ob- 
tained from a dog’s pleural cavity, into the skin of a normal dog. In a few in- 
stances a pleural exudate removed from a rabbit was injected into its own normal 
skin; and this was followed by intravenous injection of the dye. These additional 
controlling experiments were done in order to rule out any question of protein 
specificity on capillaries by using body fluids of one animal and injecting this ma- 
terial into another animal. 
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suspension of Staphylococcus aureus failed to cause any accumulation of 
dye when injected intracutaneously into the same rabbit. 

When the serum of a normal dog or rabbit is treated in the same 
manner as an exudate, the dye, in the interval of time studied, usually 
either fails to permeate from the circulating blood, or only a relatively 
small amount passes through, staining exclusively the periphery of the 
injected cutaneous area. For the reason stated above, this seems to in- 
dicate that the active factor inducing increased filtration through the 
endothelial wall exists in definitely lower concentrations in blood serum 
than in exudates. The foregoing observations suggest that a sub- 
stance other than the inflammatory irritant which is capable of 
inducing almost innnediate increased capillary filtration is present in 
an inflammatory exudate. 

Studies on the Concentratioti and Isolation from Extidates of a Factor 
Effective in Increasing Capillary Permeability 

Experiments were set up in an endeavor to determine the nature of 
the active factor liberated in injured tissue which is capable of inducing 
an increase in capillary permeability. Various obvious questions 
presented themselves from the start. Was one dealing with the pro- 
tein fraction of the exudate, and if so, precisely which of the recog- 
nized plasma proteins were involved? On the other hand, was it not 
possible that one was concerned with a diffusible crystalline substance, 
such as histamine, or one of its derivatives, as implied in the studies of 
Lewis? Or perhaps an inorganic ion was the active factor. Then 
finally might not the increased capillary permeability be the resultant 
of several different but reinforcing substances some of which might 
have been introduced with the irritant, and others liberated as the 
degree of local injury progressed? The first of these questions was 
studied in the following manner. 

Var>nng amounts of exudate, obtained as described above, were treated with 
an equal volume of saturated ammonium sulfate. A heavy precipitate formed. 
This readily redissolved in distilled water, saline (0.16 m NaCl), or in a phosphate 
buffer mixture at pH 7.35. As a rule the resulting solution produced a prompt 
increase in the filtration of the normal capillary as indicated by the immediate 
accumulation of trjTpan blue from the circulating blood into the treated cutaneous 
area of a rabbit (see area 2, Fig. 1). The reaction was not referable to distilled 
water which invariably induced vascular contraction, as manifested by conspicu- 
ous local blanching. In such an area the dye failed to accumulate for a consider- 
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able interval of tiroe. The buffer mixture or saline per sc likewise induced no 
local staining reaction. Ammonium sulfate, as well as sodium sulfate, produced 
an entirely different picture when injected into the dermis. The appearance in 
the case of these two salts was identical, suggesting that the type reaction was 
referable to the SO 7 in both cases, rather than to the cations. This response was 
characterized by an inner colorless zone surrounded by an area of pronounced 
congestion peripheral to which a narrow zone of blue stood out conspicuously (see 
areas 7 and 8, Fig. 1). This pattern obviously differed entirely from the local 
reaction observed either when the untreated cell-free exudate or the saturated 
ammonium sulfate precipitated fraction were compared (areas 4, 4 a, and 2, Fig. 1). 
In a number of instances, though not invariably, the local effect on the capillary 
obtained with the ammonium sulfate fraction appeared to be more intense than 
when the imtreated cell-free exudate was employed. Results of the same type 
were obtained when a precipitate was produced by the interaction of 20 per cent 
sodium sulfate with the cell-free exudate (see area 1, Fig. 1). 

When the globulin fraction of the exudate was precipitated out by treatment 
with one-half or one-third saturated ammonium sulfate and the precipitate was 
redissolved in a buffer mixture, the solution, as a rule, produced no effect on the 
normal capillary wall. The suspended precipitate obtained either by treating the 
exudate with 95 per cent alcohol or 5 to 20 per cent trichloracetic acid likewise 
proved to be inactive. As compared to exudate, blood serum showed either no 
effect or at most a diminished activity on the endothelial wall. However when 
blood serum was treated with saturated ammonium sulfate a precipitate formed 
which, dissolved in a buffer mixture, often enhanced the filtration of dye into the 
treated skin area. This would suggest that the saturated ammonium sulfate 
precipitated fraction represents perhaps in a concentrated form a factor found in 
abundance in inflammatory exudates and in smaller quantity in blood serum. 

For the convenience of the reader a t 3 rpe protocol of the experiment 
illustrated on Fig. 1 is presented (Table I) . The data are seK e^qjlana- 
tory. The number of plus signs refers to the intensity of staining by 
the dye in the various local skin areas, and the time intervals are 
stated indicating the rapidity of passage of dye into the extracapillary 
spaces. 

At this stage of the investigation the observations suggested that the 
active factor concerned might possibly be the albumin fraction of the 
exudate or a substance carried down with this protein upon treatment 
with certain precipitants. For this reason the analysis was pursued by 
adopting the scheme shown in Table II. 

The precipitate obtained by treating the cell-free exudate with saturated am- 
monium sulfate was dialyzed for several hours in a cellophane bag against distilled 
water. The dialyzed protein material remaining in the cellophane bag was found 
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to be inactive when injected into the normal skin of a rabbit. Trypan blue failed 
to permeate into the site of skin inoculation which assumed an appearance of local 
blanching (area 3, Fig. 2). This dialyzed fraction was acid to phenol red, but 
when it was rendered alkaline by dissolving the protein in a buffer mixture of pH 


TABLE I 

Protocol of Dog 7-0. Experiment. Exudate and its fractions. Nov, IS, 
1935. 


Cutaneous area No., 
inoculated with 

Time of 
inoculation 

10 cc. 1 per cent Trypan blue in saline intravenously at 
5:32:5 

Presence of dye in inoculated area at 



5:35 

5:40 

5:45 

(1) Na 2 SO 4 ( 20 %) treated 

hrs.imin.isec^ 

5 : 27 

0 

+ 

++ 

fraction dissolved 
in buffer pH 7.35 
(2) (NH 4 ) 2 S 04 (satura- 

5 : 27 : 5 

(?) Slight 

+ 

++ 

ted) fraction dis- 
solved in buffer 
pH 7.35 

(3) Trichloracetic frac- 

5 : 28 

trace 

0 (blanching) 

0 (blanching) 

0 (blanching) 

tion suspended in 
buffer pH 7.35 
(4) Untreated cell-free 

5 : 28 : 5 

+ 

+++ 

++++ 

exudate 

(4 a) Same as (4) 

5 : 28 : 7 

Slight trace 

++ 

++++ 

(5) Evaporated 

5 : 29 : 0 

+ 

— |- 

+++ 

(NH4)2S04 frac- 
tion and redis- 
solved in buffer ; 
pH 7.35 

(6) Buffer pH 7.35 

5 : 29 : 5 ' 

0 

0 

0 

(7) 20% Na2S04 

5 : 30 

Center 0. Pe- 

+ Peripheral 

Same as at 

(S) Saturated (NH4)2S04 

5 : 32 

ripheral zone 
of redness 
Same as (7) 

to inner zone 
of redness 
Same as (7) 

5 : 40 

Same as (7) 


7.43, it likewise failed to enliance seepage of dye from the circulating blood (area 
3 a, Fig. 2). 

These observations indicated that the albumin fraction of the in- 
flammatory exudate was e\adently not the factor responsible for in- 
creased capillary permeability in inflammation. Further substantia- 
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to be inactive when injected into the normal skin of a rabbit. Trypan blue failed 
to permeate into the site of skin inoculation which assumed an appearance of local 
blanching (area 3, Fig. 2). This dialyzed fraction was acid to phenol red, but 
when it was rendered alkaline by dissolving the protein in a buffer mixture of pH 

TABLE I 


Protocol of Dog 7-0. Experiment. Exudate and its fractions. Nov. 15, 
1935. 


Cutaneous area No., 
inoculated with 

Time of 
inoculation 

10 cc. 1 per cent Trypan blue in saline intravenously at 
5:32:5 

Presence of dye in inoculated area at 



5:35 

5:40 

5:45 

(1) NasSO 4 ( 20 %) treated 

hrs,\min*xscc, 

5 : 27 

0 

+ 

++ 

fraction dissolved 
in buffer pH 7.35 
(2) (NH 4 ) 3 S 04 (satura- 

5 : 27 : S 

(?) Slight 

+ 

++ 

ted) fraction dis- 
solved in buffer 
pH 7.35 

(3) Trichloracetic frac- 

5 : 28 

trace 

0 (blanching) 

i 

1 

0 (blanching) 

0 (blanching) 

tion suspended in 
buffer pH 7.35 
(4) Untreated cell-free 

5 : 28 : 5 

+ 

+++ 

++++ 

exudate 

(4 a) Same as (4) 

5 : 28 : 7 

Slight trace 

++ 

+H — h+ 

(5) Evaporated 

5 ; 29 : 0 

+ 

! ++ 

+++ 

(NH4)2S04 frac- 
tion and redis- 
solved in buffer 
pH 7.35 

(6) Buffer pH 7.35 

1 

5 : 29 : 5 

0 

1 

i 

0 

0 

(7) 20%Na:SO4 

5 : 30 

Center 0. Pe- 

+ Peripheral 

Same as at 

(8) Saturated (NH 4 ):S 04 

5 : 32 

ripheral zone 
of redness 
Same as (7) 

to inner zone 
of redness 
Same as (7) 

5 : 40 

Same as (7) 


7.43, it likewise failed to enhance seepage of dye from the circulating blood (area 
3 a, Fig. 2). 

These observations indicated that the albumin fraction of the in- 
flammatory c.xudate was evidently not the factor responsible for in- 
creased capillary permeability in inflammation. Further substantia- 
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tion of this point was obtained when crystallized serum albumin or 
crystalline egg albumin^ was introduced into the dermis of a normal 
rabbit. Trypan blue failed to accumulate in cutaneous areas treated 
%vith these pure proteins. The analysis was consequently directed 
towards testing for the possible presence of diffusible active substances 
in the dialysate. 

The dialysate, whether untreated, or freed of its SO^ ions by repeated treatment 
with 10 per cent barium chloride, was evaporated to dryness either on an ordinary 
water bath or, as in the preliminary experiments, in a \Ticuum oven under reduced 
temperature. The material obtained by this procedure appeared as a mass of 
aystab, heterogeneous in respect to size and shape. Its reaction was, as a rule, 
alkaline to phenol red. The Fehling test was positive, indicating the presence of 
reducing substances in the dialysate. The biuret and nitric add tests for pro- 
teins were negative. 

It is quite obvious that this crystalline material was in no sense 
purified and therefore doubtless represented a mixture of several 
diffusible substances. The crystalline water soluble fraction obtained 
from the evaporated dialysate showed definite activity in regard to the 
augmentation of capillary filtration (Table II) . Trypan blue from the 
circulation accumulated throughout the local skin area, staining it 
relatively homogeneously. This occurred irrespective of whether the 
crystalline material was dissolved in water or whether the dialysate 
was simply concentrated to a very small volume by evaporation (see 
Fig. 2, areas 1 and 2 a). 

The active permeability factor, as found in the imtreated cell-free 
exudate, or as obtained in its dialysate, retains its potency when the 
material is kept on ice. in the types of acute inflammation studied 
(23) the activity is not altered by changes in the pH of the exudate, 
ranging from 7.4 to 6.5. The active substance is essentially thermo- 
stable. It may still display defimte activity after being brought to 
the boiling point. Freezing it down to —20° does not seem to alter 
its potent effect on the capillary wall. Dialysis of the imtreated cell- 
free exudate without preliminary treatment with saturated ammonium 
sulfate produced practically the same type of result, except that here 
the material that remains in the cellophane bag sometimes retained a 
sHght degree of activity in affecting the capillaries. It induced con- 

^ Obtained through the courtesy of Dr. E. J. Cohn. 
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to be inactive when injected into the normal skin of a rabbit. Trypan blue failed 
to permeate into the site of skin inoculation which assumed an appearance of local 
blanching (area 3, Fig. 2). This dialyzed fraction was acid to phenol red, but 
when it was rendered alkaline by dissolving the protein in a buffer mixture of pH 


TABLE I 


Protocol of Dog 7-0. Experiment. Exudate and its fractions. Nov. 15 , 
1935. 


Cutaneous area No,, 
inoculated with 

Time of 
inoculation 

10 cc, 1 per cent Trypan blue in saline intravenously at 
5:32:5 

Presence of dye in inoculated area at 



5:35 

5:40 

5:45 

(1) Na 2 SO 4 ( 20 %) treated 

lirs.:min.:sec. 

5 : 27 

0 

+ 

++ 

fraction dissolved 
in buffer pH 7.35 
(2) (NIi 4 ) 2 S 04 (satura- 

5 : 27 : 5 

(?) Slight 

+ 

++ 

ted) fraction dis- 
solved in buffer 
pH 7.35 

(3) Trichloracetic frac- 

S : 28 

trace 

i 0 (blanching) 

1 

1 

1 

0 (blanching) 

0 (blanching) 

tion suspended in 
buffer pH 7.35 
(4) Untreated cell-free 

5 : 28 : 5 

+ 

+++ 

++++ 

exudate 

(4 a) Same as (4) 

5 : 28 : 7 

Slight trace 

++ 

++++ 

(5) Evaporated 

5 : 29 : 0 

+ 

++ 

+++ 

(NH 4 ) 2 S 04 frac- , 
tion and redis- i 
solved in buffer 
pH 7.35 

(6) Buffer pH 7.35 

1 

5 : 29 : 5 

0 

0 

1 

i 0 

(7) 20% NasSO* 

5 : 30 

Center 0. Pe- 

+ Peripheral 

I Same as at 

(8) Saturated (NH 4 ) 2 S 04 

5 : 32 

ripheral zone 
of redness 
Same as (7) 

to inner zone 
of redness 
Same as (7) 

5 : 40 

Same as (7) 


7,43, it likewise failed to enhance seepage of dye from the circulating blood (area 
3 a, Fig. 2). 

These observations indicated that the albumin fraction of the in- 
flammatory exudate was evidently not the factor responsible for in- 
creased capillary permeability in inflammation. Further substantia- 
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tion of this point was obtained when crystallized serum albumin or 
crystalline egg albumin® was introduced into the dermis of a normal 
rabbit. Trypan blue failed to accumulate in cutaneous areas treated 
with these pure proteins. The analysis was consequently directed 
towards testing for the possible presence of diffusible active substances 
in the dialysate. 

The dialysate, -whether untreated, or freed of its SO^ ions by repeated treatment 
with 10 per cent barium chloride, was evaporated to dryness either on an ordinary 
■water bath or, as in the preliminary experiments, in a -vacuum oven under reduced 
temperature. The material obtained by this procedure appeared as a mass of 
crystals, heterogeneous in respect to size and shape. Its reaction was, as a rule, 
alkaline to phenol red. The Fehling test was positive, indicating the presence of 
reducing substances in the dialysate. The biuret and nitric add tests for pro- 
teins 'Were negative. 

It is quite ob-vious that this crystalline material was in no sense 
purified and therefore doubtless represented a mixture of several 
diffusible substances. The crystalline water soluble fraction obtained 
from the evaporated dialysate showed definite acti-vity in regard to the 
augmentation of capillary filtration (Table 11) . Trypan blue from the 
circulation accumulated throughout the local skin area, staining it 
relatively homogeneously. This occurred irrespective of whether the 
crystalline material was dissolved in water or whether the dialysate 
was simply concentrated to a very small volume by evaporation (see 
Fig. 2, areas 1 and 2 a). 

The active permeability factor, as found in the untreated cell-free 
exudate, or as obtained in its dialysate, retains its potency when the 
material is kept on ice. In the t 3 q)es of acute inflammation studied 
(23) the acti-vity is not altered by changes in the pH of the exudate, 
ranging from 7 .4 to 6.5. The active substance is essentially thermo- 
stable. It may still display definite activity after being brought to 
the boiling point. Freezing it do-svn to -20° does not seem to alter 
its potent effect on the capillary wall. Dialysis of the untreated cell- 
free exudate without preliminary treatment with saturated ammonium 
sulfate produced practicaUy the same type of result, except that here 
the material that remains in the ceUophane bag sometimes retained a 
shght degree of activity in affecting the capiUaries. It induced con- 
® Obtained through the courtesy of Dr. E. J, Cohn. 
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centration of the dye, but only at the periphery of the treated skin area 
(Table n). 

To conclude, the results obtained from vanous tjT^s of inflammatory 
exudates suggest the presence of some agent which almost immediately 
augments filtration of a dye through the normal capillary waU. Pre- 
vious work (13, 14) indicated that this increased filtration was 
primarily referable to changes in the permeabUity of the capillary 
endothelium. Furthermore the active factor seems in large part 
to be of crystalloid dimensions and therefore diffuses fairly readUy 
through a cellophane membrane. Finally the active diffusible factor 
appears to exist also in blood, although biological tests indicate that it 
is present there in definitely smaller quantities than in an inflamma- 
tory exudate. 

Is Histamine the Active Factor Found in Inflammatory Exudates? 

In the introductory section of this paper mention was made of 
Lewis’ hypothesis to the effect that the mechanism of increased 
capillary permeability in injur)' was referable to the liberation of a 
single substance, presumably histamine, or at least a closely related 
compound, the so called H substance. In an endeavor to confirm this 
view the properties of histamine were compared with those of the 
active factor foimd in inflammatory exudates. 

Histamine (ergamine acid phosphate) was dissolved in either water, serum, or 
saline in varying amounts ranging from 0.1 to 10 mg. In each case the given 
quantity of histamine was taken up in 0.2 cc. of fluid and injected intracutaneously 
into the abdomen of rabbits. Trypan blue was then introduced into the ear vein. 
The dye either failed to enter the histaimne-treated area or else, in some cases, it 
diffused in a widespread flare-like formation at the periphery of the site of inocu- 
tion, with a conspicuous area of local blanching appearing in the center (area 7 
Fig. 2). Tliis outing zone of staining was more likely to occur with the high 
concentrations of histamine. 

The obdurate reaction to histamine on the part of the capUlaries in 
the rabbit had been pointed out recently by Morgan (24). In the 
dog, however, trypan blue accumulated readily in a histamine-treated 
area, but here again the dye displayed the characteristic flare-like 
pattern at the peripheral portion of the local area of inoculation the 
center of which remained blanched. This occurred even when 2 75 
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mg. of dissolved histamine had been introduced into the skin of the 
dog. In contrast to the staining pattern obtained with histamine, 
it has already been pointed out tliat tlie active factor found in an 
exudate or recovered from its dialysate produces a homogeneous or 
practically uniform effect on the capillaries of the injected skin area. 
This results in a relatively even staining by the dye as it concentrates 
from the blood stream into the extracapillary spaces of the inoculated 
area (see areas 4 and 4 a, Fig. 1 ; areas 1 and 2 a, and 6, Fig. 2). As 
previously stated, diluting the active factor found in an exudate results 
merely in a peripheral localization of the dye when the samples are 
tested on the normal skin. This is likewise true of undiluted blood 
serum. In view of tlie dilution experiments witli the cell-free exudate, 
it has already been suggested that the active capillary factor is prob- 
ably found in definitely smaller quantities in blood than in inflamma- 
tory exudates. Nevertheless, both with diluted exudate or undiluted 
serum, the local staining of the site of cutaneous inoculation never 
spreads in the outlying fashion characteristic of histamine. Further- 
more the staining pattern of histamine occurs when as much as 10 mg. 
of this substance is introduced into a local skin area. It is doubtful 
whether such a high concentration of this substance would be exceeded 
in 0.2 cc. of a cell-free exudate. It seems therefore unlikely that the 
distinction between the tissue stained patterns of undiluted exudates 
and of histamine is in any way referable to a superabundance of hista- 
mine in inflammatory fluids.'* 

“* An additional corroborative evidence of the antagonistic action of histamine 
to the active principle was obtained by .the addition of 1 mg. of histamine to 0.2 
cc. of an othenvise potent exudate. Areas on the dermis of the abdomen of rab- 
bits treated with such preparations were found to be refractory in regard to seep- 
age of dye from the circulation. 

The studies of G. S. Barsoum and J. H. Gaddum recently pointed out that if 
the addition of histamine to an unknown extract induces the disappearance of 
the original contractile effect of the extract on an isolated intestinal segment this 
may serve ns indication that the effect of the extract is due to histamine (J. 
Physiol., 1935, 86, 1). For this reason an experiment was set up in which, after 
treating the intestinal guinea pig segment with the active dialysate of an exudate, 
a solution of histamine was added to the same bath. The usual depressing effect 
of the exudate or of its dialysate on the tonus of the intestine was immediately 
replaced by powerful tonic contractions, showing thus that there was no evidence 
of any refractory state to histamine induced by preliminary treatment with the 
inflammatory exudate. 
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Text-Fig. 1. la represents the effect on the strip of intestine of the cell-free 
exudate. 1 b represents the effect of histamine on such a segment. 
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an inflammatory exudate. This was followed by the addition of histamine, as indicated. Compare on the one hand the lack of response induced 
by the active crystalline material with the pronounced contractile reaction obtained by histamine. 
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In order, however, to establish any further differences in properties 
between histamine and the active capillary factor found in an inflam- 
matory exudate, the following tests were made. Histamine is known 
to increase the tonus of the guinea pig intestine or of the virgin uterus. 
This effect is readily elicited and recorded on a revolving kymograph as 
a contraction of the isolated segment. Although several experiments 
were tried with the uterus most of the observations were made by tests 
on the isolated intestinal loop, comparing thus the effect of histamine, 
cell-free exudate, and the crj^stalline material obtained from the dialysis 
of the exudate. When histamine in the various concentrations em- 
ployed for the skin tests is added drop by drop to a suspended loop of 
intestine, a prompt contraction of the segment. ensues (Text-fig. 1 b). 
When, on the other hand, the cell-free exudate is added to a fresh loop 
the intestinal segment definitely relaxes, as indicated by a decrease in 
tonus and a definite drop of the recording pointer (Text-fig. 1 a). 
Precisely the same decrease in tonus is obtained if the exudate is 
diluted 1 part in 4 in rabbit serum (Text-fig. 2). In this connection 
it is to be recalled that dilution of the exudate produces merely pe- 
ripheral localization of dye in the treated skin area. Nevertheless the 
depression in the tonus of the intestine persists in contrast to the con- 
tractile effect of histamine. When the crystalline material obtained 
by evaporating the dialysate of an exudate is tested on the loop of 
intestine, it likewise fails to induce contraction, whereas the subse- 
quent addition of histamine may give rise to a powerful contraction 
(Text-fig. 3). Undiluted blood serum, which in itself may occasion 
merely peripheral staining of a treated skin area, fails, like the 
exudate, to produce any contraction of the isolated intestinal strip. 

In order to ascertain whether a hiunan inflammatory exudate, in 
contrast to histamine, elicits the same reactions as the exudates of dogs 
or rabbits, identical tests were repeated on a sample of fluid removed 
from the chest of a patient with a hemolytic streptococcus infection.® 
The prompt uniform staining reaction on the dermis of the abdomen 
of a rabbit and the response of the isolated guinea pig intestine were 
precisely the same as in the samples from experimental animals dif- 
fering thus entirely from the reactions obtained with histamine. ’ 
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The above observations indicate that the active factor recovered 
from an inflammatory exudate, which is capable of inducing increased 
capillary filtration primarily by injury to the endothelial wall, does 
not seem to be histamine nor is it the H substance in so far as its prop- 
erties are supposed to resemble closely those of histamine. This is 
revealed by comparing histamine and the active factor found in exu- 
dates in regard to their local effects on the capillary wall, as evidenced 
by the differential staining patterns produced and also by the opposite 
types of response which they induce on the isolated strip of intestine. 

SUMMARY AND CONCLUSIONS 

Various types of inflammatory exudates have been obtained either 
by the introduction into normal tissues of a chemical irritant, or by 
a burn, or by bacteria in either dogs or rabbits. A study has also 
been made on an exudate of human origin. 

These exudates have all been found to contain a factor which induces 
prompt increase in the permeability of normal skin capillaries, demon- 
strable by the almost immediate accumulation from the circulation of 
trypan blue into areas of skin injected with the cell-free exudate. 

The active factor may be carried down with the precipitate resulting 
from the interaction of the exudate with either saturated ammonium 
sulfate or 20 per cent sodium sulfate. 

The active factor passes through a dialyzing membrane. It can be 
recovered from the dialysate as a protein-free crystalline material. 

The active factor manifests no property in common with histamine 
or presumably with the hypothetical H substance assumed to be 
closed related to histamine. 

This is indicated by the following considerations: (a) difference 
between the tissue staining pattern of the exudate or of its active frac- 
tion and that of histamine; (b) opposite effects by histamine and the 
active factor found in exudates on the tonicity of the isolated strip of 
guinea pig intestine. 

The observations presented in this report do not substantiate Lewis’ 
hypothesis of histamine or of its closely related H substance as the 
primal}' cause of increased capillary permeability in inflammation. 

The present studies are being continued in an endeavor to free of 
its impurities and to identify the active crystalline-like material iso- 
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lated from an inflammatory exudate. The details of this investiga- 
tion -will form the subject of a separate future communication. 


We greatly appreciate the technical assistance of Mr, M. Kadish 
during the course of this investigation. 
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EXPLANATION OF PLATE 34 

Fig. 1. The dermis of the abdomen of a rabbit treated rvith an inflammatory 
exudate and some of its fractions. The skin inoculations were followed by the 
intravenous injection of 10 cc. of 1 per cent trypan blue in saline. The effect on 
the permeability of the capillary wall is determined by the extent of dye accumu 
lation m the various skin areas treated. For an explanation of the material in- 
oculated m each area the reader is referred to Table I in the text. 
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Fig, 2, The dermis of the abdomen of a rabbit treated with various fractions of 
an inflammatory exudate and with histamine. The skin inoculations were foh 
lowed by the immediate intravenous injection of 1 per cent trypan blue. The 
effect on capillary filtration is indicated by the extent of the local staining reac- 
tions induced by the respective fractions. These were as follows: 

No. 1. Cell-free exudate treated with saturated (NH4)2S04 and dialyzed. 
The dialysate was concentrated to about l/17th of its original volume and inocu- 
lated in the skin. Note the considerable accumulation of the dye in the area. 

No. 2 a. The dialysate in area 1 was treated with 10 per cent BaCk to precipi- 
tate out the SO 4 ions. The supernatant fluid was diluted with an equal volume 
of phosphate buffer mixture (pH 7.43) and inoculated intracutaneously. The 
accumulation of dye is a conspicuous feature. 

No. 3. The protein material of the exudate remaining in the cellophane bag after 
dialysis. The dialysate of this sample was injected after concentration into 
area 1. Note the inactivity of the protein fractions of the exudate. 

No. 3 a. The same as area 3 with the exception that the protein material w’as 
rendered alkaline by diluting one part of it with an equal volume of phosphate 
buffer (pH 7.43). 

No. 5. Some material flocculated and remained behind in the cellophane bag 
after dialysis of the exudate. This precipitate probably represents the euglobulin 
fraction of the exudate. Its inactivity is evident. 

No, 6. The cell-free exudate treated with saturated (NH4)2S04. The pre- 
cipitate was dissolved in a phosphate buffer mixture (pH 7.43). The effect is 
evident, indicating that the active material was carried down with the precipitate. 

No. 7. The injection of 0.55 mg. of histamine dissolved in distilled water failed 
to cause the accumulation of trypan blue in the treated skin area. Compare this 
effect ^vith that in area 1. 

No. 8. Phosphate buffer mixture (pH 7.43). 

No. 9. Distilled water. 
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A HIGH SPEED VACUVU CENTRIFUGE SUITABLE FOR 
THE STUDY OF FILTERABLE VIRUSES 

By JOHANNES H. BAUER, M.D., and EDWARD G. PICKELS, Ph.D. 

{Froin the Laboratories of the Ifiternaiional Health Division, 

The Rockefeller Foundation, New YorF) 

(Received for publication, June 6, 1936) 

The study of filterable disease-producing agents has been much 
handicapped by the lack of suitable apparatus. The microscope, the 
ordinary laboratory centrifuge, and culture medium, all of which are 
invaluable in the study of disease-producing bacteria, are of no as- 
sistance in the study of viruses. Viruses associated with disease in 
animal and man are also always associated with a large amount of 
extraneous protein matter originating from the host, and no satis- 
factory method has yet been developed by which these pathogenic 
agents can be induced into a pure and concentrated state so that their 
specific antigenic properties and physicochemical characteristics can 
be properly investigated. Recently Stanley (1) reported success in 
the preparation of the virus of tobacco mosaic in crystalline form by 
the extraction and salting-out process, but as yet this method has not 
found wide application in the study of animal and human viruses. 
As is well known, most of the viruses pathogenic to animal and man 
are rather labile and become easily inactivated by the processes in- 
volved in chemical and physical investigations, and since the presence 
of a virus in a given substance can be demonstrated only by its specific 
action in a susceptible animal, these methods have proven of little 
value. 

The work of Craigie (2) and Parker and Rivers (3) on the vaccinia 
virus has shown that a centrifuge by which the elementary bodies r^n 
be not only separated from the associated protein matter but washed 
and concentrated as well, can be an exceedingly useful tool in the study 
of this virus. Similar application of the centrifuge to a considerable 
number of other viruses has not yielded equally satisfactory results 
Within recent years, through the work of EUord (4) and Bauer and 
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Hughes (5), a method for the preparation of finely graded collodion 
membranes of uniform porosity has become available. By the use 
of these membranes the particle size of a number of viruses has been 
measured by various investigators. The results of these investiga- 
tions are summarized in Table I. A glance at this table reveals a 
wide variation in their size. Assuming arbitrarily that virus particles 
are more or less spherical bodies with a density equal to that of most 
proteins, a calculation from the familiar Stokes’ law would indicate 
that for a given length of time a centrifugal force several hundred 
times greater would be required to sediment the virus of foot and 
mouth disease than was successfully applied to vaccinia virus by the 
workers mentioned above. This will explain, at least in part, why 
most of the centrifugation experiments with various viruses in the past 
have not been successful. It is true that there are a number of com- 
mercial centrifuges available which give fairly high rotational speeds 
although most of them have a relatively short effective radius. But 
as they are generally designed to rotate in air, their speed is necessarily 
limited by the air resistance. Moreover, in such centrifuges, with 
the increase of speed a correspondingly greater amount of frictional 
heat is developed in the rotating head. This heating is not only 
responsiblie. for convection currents which interfere with effective 
separation, but the temperature frequently rises to such a critical 
degree that denaturation and inactivation of the material during 
centrifugation may result. 

Recently we reported (28) the construction of an air-driven cen- 
trifuge built on the principles described by Beams, Weed, and Pickels 
(29). This centrifuge was primarily intended for the separation and 
concentration of the yellow fever virus which, as shown in Table I, 
is one of the smallest viruses and which is of particular interest to us. 
Good separation was obtained in this centrifuge with some of the larger 
viruses, such as that of vesicular stomatitis, but the results with the 
yellow fever virus were entirely negative. Because this centrifuge 
rotates in open air and has a large surface area exposed to air drag, 
its speed is necessarily limited; and although an air pressure as high 
as 225 pounds per square inch was applied, a speed of 16,000 revolu- 
tions per minute could not be exceeded. This corresponds to a 
centrifugal force at the top portion of the fluid of only about 13,500 



505 


JOHANNES H. BAUER AND EDWARD G. PICKELS 

times gravity. Obviously this speed was insufficient, since it was 
estimated that a centrifugal force of at least 30,000 times gravity 
must be exerted before a definite sedimentation of yellow fever virus 
could be expected within a reasonable period of time. It was ob\aous 
also that any type of centrifuge designed to give the desired centrifugal 
force must be protected from air friction. In the centrifuge described 


TABLE I 

Approximate Particle Size of Viritses as Determined by Filtration through Graded 

Collodion Membranes 


Virus 

Estimated 

particle 

size 

Authority 

1 

Vaccinia 

millimicrons 

125-175 

Elford and Andrewes (6) 

Canary pox 

125-175 

Burnet (7) 

Broom and Findlay (8) 

Elford and Andrewes (9) 

Lymphogranuloma inguinale 

125-175 

Rous sarcoma 1 

100-150 

Ectromelia 

100-150 

Barnard and Elford (10) 

Elford and Galloway (11) 

Elford, Perdrau, and Smith (12) 

Elford, Galloway, and Barnard (13) 
Elford, Andrewes, and Tang (14) 
Galloway and Elford (15); Bauer and 
Cox (16) 

Elford and Todd (17) 

Broom and Findlay (18) 

Bauer, Cox, and Olitsky (19) 

Bauer, Fite, and Webster (20); Elford 
and Perdrau (21) 

Findlay and Broom (22); Bauer and 
Hughes (23) 

Elford and Gallo%Yay (24) 

Theiler and Bauer (25); Elford, Gallo- 
way, and Perdrau (26) 

Galloway and Elford (27) 

Pseudorabies 

100-150 

Hei^s 

i 100-150 

Boma disease 

85-125 

Influenza, svane and human 

80-120 

Vesicular stomatitis 

70-100 

Fowl plague 

60-90 

Rift Valley fever 

23-35 

Equine encephalomyelitis 

20-30 

St. Louis encephalitis 

20-30 

Yellow fever 

17—25 

Louping ill 

15-20 

Poliomyelitis 

10-15 

Foot and mouth disease 

8-12 



below the difficulties were entirely overcome when the rotor was 
placed in very high vacuum, and the results obtained with this machine 
have been satisfactor 3 ^ 


Driving Mechanism.— 'The. driving mechanism is a modification of those de- 
scribed by Beams and Pickels (30) and later by Biscoe, Pickels, and Wyckoff (31). 
It is shown in Figs. 1, 2, 3, 4, and 5. Figs. 1 and 2 show vertical cross-sectional 
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views of the essential parts. The horizontal cross-sectional view in Fig. 3 gives 
further details of the turbine and driving jets. Fig. 4 is an actual photograph of 
the turbine and air-bearing units, and Fig. 5 pictures the complete driving 
assembly. 

The rotating members are the turbine (/, Figs. 1, 3, 4), the drive shaft ( 3 , Figs. 
1,4), and the rotor ( 3 , Figs. 1,5). The turbine is made of light phosphor bronze 
and the angle of its cone-shaped base is 90°. It is hollowed out to reduce its 


Scale —Inches 

i_i 2 i i 



Fig. 1. Vertical cross-sectional view of the entire driving mechanism. 


weight and is provided with nineteen flutings cut with a inch dovetail milling 
cutter to a depth (along the radius of the turbine) of about inch. The shaft is a 
straightened section of spring steel wire having a diameter of inch. Its upper 
end is snugly fitted and soldered into the turbine (care being taken not to overheat 
the wire and cause a loss of its temper) and its lower end is fastened to the rotor by 
a special chuck arrangement (5, Fig. 1). The driving power is supplied by air jets 
issuing from eight iV inch holes spaced and directed as illustrated { 6 , Figs. 1, 3). 
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The compressed air is conducted to these holes through the flexible pressure tubing 
(7 Fig. 5), the coupling { 8 , Fig. 3), and the distributor chamber (P, Figs. 1, 3). 
The brass sleeve { 10 , Figs. 1, 3) containing the forward jet holes is also fitted vnth 
eight reverse jet holes { 11 , Fig. 1), two of which are indicated in the background 
of Fig. 3 under 11 . Each jet hole in both sets is directed along a line which is . inch 
from the axis of rotation. The clearance between the sleeve and turbine is * inch. 



Fig. 2. Vertical cross-sectional view of the air-bearing units. 


The sleeve can move up and dovm in the duralmnin cross-arm' (i2, Figs. 1, 3, 5) 
which is supported by two steel rods { 13 , Figs. 1, 5). The reverse jets are put 
into operation by supplying compressed air through the rubber tubing { 14 , Fig. 5) 
to the air piston { 15 , Fig. 1). This raises the end of the brass plate { 16 , Figs. 
1, 3) which in turn communicates the movement to the sleeve, 10 , through two 
pins, 17 , one of which is shown in Fig. 3. The other is directly opposite but has 
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been omitted to simplify the drawing. This action results in a shift of 
jet holes, 11 , to a position adjoining the distributor chamber, P, and a 
shift of the forward jet holes to a shut-off position above the chamber, 
action of gravity, the sleeve and plate drop back to their normal posit 
the pressure is released. 

The rotating elements are supported by the air-bearing arrangemc 
as disassembled in Fig. 2, and as during operation in Fig. 1. A rubber 
Figs. 1, 2, 4) is made by splicing together with rubber cement the ends of 
of J inch round rubber belting. This ring rests in a circular groove of 1 
support { 18 , Figs. 1,2). The rubber supports and centers a bakelite i 
Figs. 1, 2, 4) as indicated. This ring is cut from ordinary black bakelii 

Scale — Inches 

I ^ f- j .: f . ^ I 



Fig. 3. Horizontal cross-sectional view of the turbine and driving jets. 


board. The turbine actually rides on a thin film of air escaping between its conical 
surface and that of the bakelite ring. This air is supplied through the pressure 
tubing { 20 ^ Fig. 5) which is coupled to the fine wire screen filter (27, Fig. 1). The 
clearance (22, Fig. 1) about the ivire just below the inlet hole from the coupling 
is made small enough to prevent any great loss of air, and yet sufficiently large to 
eliminate the possibility of the wire touching the edges of the hole. A \ inch hole 
was found to be satisfactory. 

The shaft is guided by two phosphor bronze bushings (22, Fig. 1), each of 
which is prepared as follows: A bronze plug is machined approximately to size, 
and a central hole slightly smaller than the shaft is then drilled. The wire selected 
for the shaft is cut to a length several inches longer than actually needed for the 
apparatus With the help of an emeiy" wheel, one end is ground to the shape of a 
triangular, slightly tapered reamer. The hole of the plug is reamed to a snug fit 
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and the bushing then fitted on an arbor and turned to the correct size for forcing 
into the brass gland { 24 , Fig. 1). The same method of reaming and finishing 
on an arbor is used in fitting the shaft into the turbine and into the chuck ( 25 , 


4 

+ 



Fig. 4. Turbine and air-bearing units shown separate!}". 



Fig. 5. Complete assembly of the drhdng mechanism and the rotor. 


Fig. 1). After the bronze plugs are in place, a smooth bearing fit with the shaft 
is obtained by polishing the surfaces together with rouge. When finished, the fit 
should be such that the wire slips easily through the gland without e.ccessive play. 
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Air pressure transmitted through the tubing (26, Fig. 5) forces lubricating oil 
from the container (27, Fig.- 5) through the flexible copper tubing (2i^, Fig, 5) 
connecting to the coupling (2P, Fig. 1) into the central cavity of the gland. The 
oil forms an air-tiglit seal about the shaft and also lubricates the two bearings. 
The lubricant escaping through the upper bearing (usually a fraction of a cubic 
centimeter per hour) is collected in a container (jf?, Fig. 1). The oil passing the 
lower bearing is allowed to fall into the vacuum chamber, although a collecting 
system such as described by Biscoe, Pickels, and Wyckofl* (31) could be provided 
if necessary. 

The vacuum seal is completed and the necessary flexibility provided by a 
section of soft, thick walled rubber tubing (JJ, Fig. 1) which joins the stem of the 
gland and a brass sleeve (32, Fig. 1) that is fastened and tightly sealed to the top 
plate (jJ, Fig. 1) of the chamber. Three screws clamp the air-bearing support 
and the oil gland to a circular brass plate (34, Fig. 1). This plate is supported by 
three soft rubber stoppers (33, Fig. 1) surmounted by small live rubber discs 
(3^,Fig. 1). 

Rotor , — The rotor which is shown in Figs. 6, 7, and 8 is so designed that while 
it rotates in a very high vacuum, the material which is being centrifuged is main- 
tained under normal atmospheric pressure. It is machined from a solid block of 
duralumin alloy commercially known as ST 17. As shown in the illustrations 
(47, Figs. 6, 7, and 8), it is given a pear-shaped form having a maximum diameter 
of 8 inches and tapering ofi* at the top to inches. This form was chosen in order 
to reduce the weight of the rotor as much as possible without sacrificing its strength 
materially. At the top of the rotor there is a cavit}" (50, Fig. 6) cut to the depth 
of 1 1 ^ inch. At the bottom edge of this cavity are drilled sixteen equally spaced 
holes, each ^ inch in diameter and 2| inches deep, to accommodate the celluloid 
containers described below. The holes (4S, Fig. 6) are inclined at an angle of 45° 
to the axis of rotation, and their bottoms are rounded to correspond to the shape 
of the containers. The distance from the inner edge of each hole to the axis of 
rotation is 3.8 cm. at the top, and 8.5 cm. at the bottom, where the outside sup- 
porting wall reaches a minimum thickness of \ inch. This wall is made consid- 
erably thicker at the top where the holes are close to each other and additional 
strength is needed. In Fig. 6, one container, 4Q, is indicated as being in position. 
The sixteen containers, each holding conveniently 7 cc. of fluid, give the centrifuge 
a total capacity of 1 12 cc. which can be centrifuged in one run. At the base of the 
rotor there is machined out a stem 1 inch in diameter and in length, which is used 
for fastening the rotor in the milling machine chuck while the holes arc being 
drilled. 

T'hc rotor head (44, bigs, 6, 7, and 8) is machined from a separate piece of 
duralumin and is made to fit snugly into tlie top portion of the rotor. The stem 
(44it, big. 6) fits into a hole in the center of the rotor and aids in properly centering 
the rotor head when the latter is placed in position. A rubber washer (45, Figs. 
6, 7) made of round rubber belting, J inch in diameter and smeared with lubriscal. 
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is inserted in the step joint between the rotor head and the rotor proper to furnish 
an air-tight seal (Fig. 6). The rotor head is fastened to the rotor with six equally 
spaced screws Figs. 6, 7). Fig. S shows the rotor complete. When assem- 
bled it weighs^ without containers, 6,460 gm. 

The rotor is fastened to the drive shaft with a special chuck arrangement 
attached to the rotor head as shown in detail in Fig. 9. The essential units of this 
arrangement are the steel chuck, 40, the duralumin screw cap, 41, three screws, 42, 
the steel ring, 4J, and the steel bushing, 4Jaj which is forced into the screw cap. 
The chuck is closely fitted in the rotor head and is tapered and slotted (four cuts, 

Scale — Inches 
12 3 4 5 

I 1-1 I I 



Fig. 6. Vertical cross-sectional view of the rotor. 


40a j Fig. 9) at its lower end. The steel ring, 43, automatically raises the chuck 
and releases its hold on the shaft when the cap is unscrewed. 

Contahiers. — Glass containers cannot be used in this centrifuge, as glass would 
be crushed under the centrifugal force necessary to separate viruses. The con- 
tainers^ are made of a celluloid composition, are transparent and flexible and, as 
shown in Fig. 10, have the shape of ordinar>^ Wassermann tubes. They are manu- 
factured in various sizes, but those used by us have a length of 75 mm., outside 
diameter of 13.2 mm., and a wall thickness of 0.4 mm. They weigh 1.35 gm. 
each, and have a total capacity of 8.5 cc. when filled to the rim. For centrifuging 

^ The most satisfactory containers for this purpose were found to be those 
manufactured by the Lusteroid Container Co., South Orange, New Jersey. 
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purposes 7 cc. of fluid can be safely placed in each ^Yithoul danger of spilling. 
As mentioned above, the bottoms of the holes in the rotor are reamed to correspond 
to the shape of the bottoms of the containers, which fit into the holes fairly snugly, 
leaving a minimum amount of empty space. When fitted in this manner and filled 
with fluid, these containers will withstand very high centrifugal forces— over 
95,000 times gravity at the bottom portion— without breaking or leaking. These 
containers, holding 7 cc. of fluid and run for several hours at a speed of 25,000 
R.p.M., remained unaltered; but when the speed exceeded 27,000 r.p.m., the empty 
portion at the top became bent and folded over the surface of the fluid, sealing it 
completely (see A, Fig. 10). When used only half filled, the empty portion of the 
tube usually collapses. The one serious disadvantage of these containers is that 
they cannot be sterilized in an autoclave or in a hot air sterilizer. They can be 
sterilized, however, either by boiling or by soaking in 75 per cent alcohol and subse- 
quently by rinsing in sterile distilled water. They cost a little over one cent apiece 
and after being used once are usually discarded. It is not necessary to balance 
the containers by accurate weighing. In our experience it was suflicient to meas- 
ure accurately with a pipette an equal amount of fluid into any two of the con- 
tainers and to place them in the rotor in positions opposite to each other. 

Vacnii?)! Chamber , — The vacuum chamber in which the centrifuge rotates is 
made up of a cylinder and two flat plates as shown in Figs. 11 and 12. The 
cylinder (J7, Fig. 11) is of chrome nickel steel alloy, S.A.E. 3140.“ Its dimensions 
are: height, 1 1 inches; inside diameter, 9 inches; and wall thickness, 1 inch. After 
forging, it is machined to the desired shape and then heat treated. The heat treat- 
ment renders the steel so hard that it cannot be cut with ordinary lathe tools. 
1Tiis type of steel, having a very high tensile strength, was chosen to furnish safety 
provision in case of a rotor explosion at high speed. The top and bottom of the 
chamber (33, 33t7, Fig. ll) are made of finished cold-rolled steel plate 12 inches 
square and 1 inch thick. At each of the four corners of these plates are inserted I 
inch stainless steel rods, each 3 inches long, to hold the cylinder in place. The 
sealing arrangement, which is the same at both the top and bottom of the cylinder, 
can be seen in Fig. 1. The two rubber washers (39, Figs. 1,11) are made of round 
rubber belting J inch in diameter, spliced and cemented together at the ends. 
When smeared with lubriseal, they furnish a satisfactory vacuum seal. A ring of 
sheet metal (3(9, Fig. 1) greatly facilitates the placing of the two washers in position 
and also removes the possibility of their slipping into the chamber. It is raised 
for placing the washers and is pushed into the indicated position (Fig. 1) by the 
top of the chamber. To tlie lop plate is fastened the driving mechanism as 
described above. Through the bottom plate are bored two holes leading into the 
chamber. Into these are inserted brass sleeves to provide for rubber tubing 
connections, one of which leads to the vacuum pump, and the other to the vacuum 
gauge. The vacuum chamber is mounted on four rubber stoppers to absorb any 
vibration and rests on a concrete block 24 inches square and 6 inches thick, which 

- Made for us hy the Martin Forge Co. of Brooklyn. 
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Fig. 9. \’crtical cross-sectional view of the rotor chuck arrangement. 



I'lG. 10. Celluloid centrifuge tubes. 
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in turn rests on a layer of cork 3 inches thick. Fig. 12 shows the concrete block 
and the vacuum chamber closed. 

Operation . — The accessories used in operating the centrifuge arc pictured in 
Figs. 13 and 14, The air controls and the stroboscope for measuring speeds can be 
seen in Fig. 13. Fig. 14 shows, as they appear to the operator from the position 
of the controls and stroboscope: the hoist, 57, used to raise and lower the top of the 
vacuum chamber and the driving mechanism; the mirror, 52, used for viewing 
the turbine; the mercury manometer, 5v>, for measuring the pressure in the vacuum 
chamber; the vacuum pump, 54; and the barricade, 55, which is intended to serve 
as an additional protection to the operator in the event of a rotor explosion. This 



Fig. 13. Stroboscope and air controls. 


barricade is a wooden box, 1 foot thick, which is filled with sand. Our vacuum 
pump is a high speed Cenco Megavac, but a smaller pump will serve the purpose, 
although the evacuation time preliminary to centrifuging is lengthened somewhat. 
A 60 watt lamp behind the barricade illuminates the turbine for stroboscoping. 

Successful operation of the centrifuge depends upon having approximately 
constant pressures in all the air lines supplying the various parts of the driving 
mechanism. Since tlic head pressure in our laboratory is subject to considerable 
variation, the air is first passed through a two-stage reducing system of adjustable 
regulators. T'he first regulator drops the head pressure (150 to 225 pounds per 
square inch) to about 100 pounds per square inch. The second regulator reduces 
the pressure to 50 pounds per square inch and holds it constant at that value as 
long as the setting of the control valve (5^5, Fig. 13) for the driving line is not 
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Fig. 14. Barricade, vacuum pump, gauge, hoist, and stroboscope 
shown in position. 
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varied over too \Yide a range. Inexpensive regulators (Type 3Y)^ liavc proved 
satisfactory. 

In Fig. 13 can be seen the air lines which lead to the centrifuge and connect 
with the flexible pressure tubings previously described. Line 57 supplies the driv** 
ing jets. An ordinary needle valve, 56, gives sufficiently sensitive adjustment of 
the driving pressure. The gauge has a range of 0 to 60 pounds per square inch. 
Line 56* furnishes pressure for the oil container. This requires the least critical 
control and therefore either a small reducing valve or simply a needle valve and a 
small air leak serve very well. Any gauge which reads as high as 15 pounds per 
square inch is suitable. Air for the supporting bearing is supplied through line 5P. 
It requires ver}^ critical adjustment and only a small flow of air. Consequently, 
a fine needle valve** is used. The gauge range is 0 to 30 pounds per square inch. 
Air in line 60 operates the reversing mechanism and is controlled by a needle valve 
(not shown) . 

The speed attainable with the apparatus is limited only by the strength of the 
rotor, and since the explosion of a rotor run at excessive speed is both cosily and 
dangerous, it is very important accurately to measure and control the speed. 
It is also important to know approximately what speeds can be regarded as safe for 
routine operations. The experiments of Biscoe, Pickets, and Wyckoff (32) on 
tensile strength and fatigue endurance of duralumin rotors furnish a practical basis 
for such approximation. It is estimated that the rotor described above would 
perhaps explode in the neighborhood of 40,000 r.p.m. Prolonged operation at a 
speed not exceeding 30,000 r.p.m., on the other hand, is considered comparatively 
safe if there are no serious flaws in the metal of which the rotor is made. In our 
experiments we have not exceeded this speed. The speed is regulated entirely by 
the adjustment of valve 56, in Fig. 13, and is measured frequently with the strobo- 
scope, 61, which is of the simple motor-driven, slotted disc type. The operator 
views the spinning turbine, with the aid of the mirror mounted above the barricade, 
by sighting through the revolving slots, 62, A disc with 25 slots is appropriate 
for use with this particular centrifuge. Ours contains 50 slots because it is also 
used for higher speed ranges with the smaller rotors employed for molecular weight 
determinations. The motor is a I horse power, 110 volt, direct current t 3 ^pe. Its 
speed is controlled by two rheostats and is measured with a tachometer, 63, which is 
attached to the motor shaft with flexible rubber tubing. A stop watch is used for 
timing. It is highly desirable to have as steady a source of electric current as 
possible. To facilitate the synchronization of the centrifuge speed with the 
frequency of vision interruption, the turbine is first painted a dull black on its top 
surface and then has a white mark placed near the edge of this dark background. 
This mark appears to be stationary (although blurred) when synchronization is 
obtained. It should be remembered that such a single pattern can be obtained 
when the turbine speed is one, two, or three times the frequency of vision interrup- 

” Supplied by the Foster Engineering Co. of Newark. 

* Suj^plied by the ;\shton Valve Co. of Boston. 
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Uon. After practice, one can easily make distinctions by noting the amount of 
blurring. A variety of multiple patterns can also be obtained, and they serve as 
convenient checks on one another as well as on the single patterns. The double 
pattern, in which the turbine appears to have two opposite marks, is very con- 
venient for measurement in the lower speed ranges because it is well defined and 
necessitates running the stroboscope motor at double speed and consequently 
more smoothly. 

In the actual operation of the centrifuge the following procedure is generally 
used. After the containers with the material to be centrifuged are placed in the 
rotor, the rotor head is fastened in place and the assembled rotor fastened tightly 
to the drive shaft vdth a pin wrench. After the chamber top ^rith the driving 
mechanism is lowered into place, the vacuum pump is started and is kept running 
throughout the experiment. The pressure in the oil container is set at approxi- 
mately 10 pounds per square inch and the air-bearing pressure is raised until the 
turbine will coast freely when given a turn with the hand. The pressure required 
for this purpose with our present turbine and rotor is about 71 pounds per square 
inch. As soon as the vacuum gauge registers only a small fraction of 1 mm., the 
driving pressure is set at 35 poimds per square inch and maintained at this level 
until the desired speed is reached. About 35 minutes of accelerarion are required 
to attain a speed of 30,000 r.p.m. Most of our centrifugation experiments with 
the yellow fever virus were carried out at a speed of 27,300 r.p.m. and after initial 
acceleration a driving pressure of 13 pounds per square inch was sufficient to 
maintain this speed fairly steadily. At times, however, a very slight acceleration 
was noted and further adjustments in the driving pressure were necessary in order 
to maintain the centrifuge at a constant speed. It should be noted that the rotor 
has a rather high inertia and therefore responds very slowly to small changes in 
the driving pressure. 

In our early experiments the air filter {21, Fig. 1) was not used. Occasionally 
difficiilty was encountered in getting the centrifuge started, and at times sudden 
drops in the speed occurred. The source of both troubles was traced to the brak- 
ing action of grit or other small particles which had become lodged in the seat of 
the bakelite supporting ring. However, after the installation of the filter this 
source of trouble was eliminated. Difficulty may also be encountered if the bake- 
lite ring is warped or improperly machined; in either case an examination will 
reveal that the ring is polished in two or more places instead of evenly all around. 

At the start the rotor passes through a short period of rather pronounced pre- 
cessional motions, but as it accelerates it soon settles into rotation about a fixed 
axis. Vibrations are perceptible in the oU gland and its supporting plate until 
the speed reaches about 10,000 r.p.m. With further increase in speed the motion 
gradually becomes extremely smooth with hardly a trace of ^^bration in any part 
There are various critical speeds in the lower range at which vibration is quite 
pronounced, but the turbine and the rotor accelerate through these without iU 
effects. Undue ^bration or shaking may be caused by: (u) a drive shaft of im- 
proper length; (6) a greatly unbalanced or misaligned rotor or turbine- (c) too 
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loose a fit in the bearings; (d) a bent drive shaft; (c) an improperly functioning air 
float; or (/) a lack of sufficient flexibility and damping in the mountings of the 
driving meclianism. 

The air-bearing pressure sometimes has to be lowered very slightly as the rotor 
reaches higher speeds, A little experience with the peculiarities of this bearing 
makes the critical adjustment of its pressure comparatively easy. One soon be- 
comes accustomed to the sounds emitted by the centrifuge and can readily tell by 
ear whether or not the valve can be better adjusted. While the speed is about 

15.000 R.p.M,, the operator can lightly touch the supporting plate {34 y Fig. 1) with 
comparative safety and discover in that way the effects of slight readjustments 
in the needle valve controlling the support. Lowering the pressure too much 
causes the turbine to drag and decelerate. Generally the correct adjustment at 
any speed can be made by gradually increasing the pressure until the needle of 
the pressure gauge (in line 5P, Fig. 13) begins to oscillate with a low period. At 
this stage the turbine ma}’’ be seen to shift slightly from side to side in step with 
the needle oscillation. The pressure is then reduced just enough to eliminate 
completely these movements of the needle and the turbine. Runs of several 
hours’ duration have been made without a single resetting of tlie air-bearing 
pressure. 

A rapid stopping of the centrifuge is accomplished by opening the valve con- 
trolling the reversing mechanism and readjusting the driving pressure to the de- 
sired value; 35 pounds per square inch is sufficient to stop the rotor in about 20 
minutes. The same vibrational periods occur during both deceleration and ac- 
celeration although the precessional motions are less pronounced in the slowing 
down. 

If the reverse drive is not applied, and the rotor is allowed to coast until it 
comes to a standstill, it usually takes over 2 hours to decelerate from a speed of 

30.000 R.p.M. to a full stop. 


EXPERIMENTAL 

A series of experiments was carried out with a view to studying the 
operating characteristics of the centrifuge as well as the behavior of 
yellow^ fever virus in an intense centrifugal field. In most of these a 
neuro tropic strain of the virus derived from mouse brain was used. 
This was cliosen because of its greater virulence for mice and its 
presence in the material under study is therefore more easily deter- 
mined than that of the viscerotropic form derived from the blood of 
infected monkeys. As the virus becomes rapidly inactivated when 
suspended eitlier in distilled water or in physiological saline, all the 
virus suspensions were prepared either in normal monkey serum or in 
ascitic fluid; also all dilutions in connection with the titrations of the 
virus were made in a diluent of similar nature. In each instance the 
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material was rendered dear, either by filtration or by prelinmaiy 
centrifugation at lower speeds prior to its final centrifugation in the 
vacuum centrifuge. Various dilutions of the supernatant fluid and 
of the sediment after final centrifugation were tested in groups of six 
mice by intracerebral inoculations. The foUowing experiments are 
described in detail as illustrative of the results obtained. 

Experiment 1.— Five infected mouse brains were finely ground in a sterile mor- 
tar and were suspended in 20 cc. of a diluent consisting of 25 per cent normal 


TABLE n 


Experiment 1. Speed 25,000 Revolutions per Minute; Time 3 Hours 


Material 

Dflution 

Mouse group 

Results 

Supernatant fluid 

Undiluted 

D0429 

All died 


10-^ 

D0430 

3/5 “ 


10-2 

D0431 

All lived 


10-® 

D0432 

(( <( 

Sediment 1. Resuspended in 1 cc. 

10-® 

D0433 

All died 

of supernatant fluid 

10-^ 

D0434 

tt K 


10-® 

D0435 

1 ( (( 


10-® 

0 0436 

« it 


10-‘ 

DG437 

All lived 


10-® 

D0438 

ti (t 

Sediment 2. Supernatant fluid 

1(H 

D0439 

All died 

poured off entirely and sediment 

10-< 

D0440 

<( ti 

suspended in 1.0 cc. of fresh 

10-® 

D0441 

fi « 

diluents 

10-® 

D0442 

4/5 “ 


10-^ 

D0443 

All lived 


10-® 

D0444 

ti it 


monkey senim in distilled water. Tins suspension contained approxiinately 7.5 
per cent of the mouse-brain substance by weight. The mixture was first cen- 
trifuged for 30 minutes at a speed of about 3,000 R.P. 31 . and the supernatant fluid 
was then passed through a Seitz filter. The filtrate was placed in two sterile 
celluloid tubes, 7 cc. in each, and was centrifuged in the vacuum centrifuge for 
3 hours at a speed of 25,000 r.p.ii. (417 per second by stroboscopic measurement). 
From one of the two tubes 1.5 cc. of the topmost portion of the supernatant fluid 
was removed and was used for the titration of the virus content in mice; the middle 
portion was discarded and only 1 cc. was left at the bottom, in which the sediment 
was resuspended and designated as sediment 1. From the other tube the super- 
naunt fluid was poured off entirely and the sediment which had been packed on 
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the bottom of the tube was resuspended in 1 cc. of a mixture consisting of 25 per 
cent ascitic fluid in distilled water. This was designated as sediment 2 . Although 
the material before centrifugation was clear, both of the resuspended sediments 
were distinctly turbid. Serial tenfold dilutions were made from the portion of 
the supernatant fluid mentioned above as well as from both of the sediments, and 
groups of six mice were inoculated intracerebrally with each dilution. All dilu- 
tions were made in 25 per cent ascitic fluid and distilled water. The results which 
are shown in Table II indicate that effective separation of the virus had been 
obtained and that there was very little virus left in the supernatant fluid. The 
results further indicate that the virus apparently was packed on the bottom of the 
tubes to the extent that the supernatant fluid could be poured off and replaced 
with a new diluent without much loss of activity. 

In order to determine the effect of the viscosity of the diluent on 
the rate of separation of the virus, the above experiment was repeated 
with a virus suspension which contained a much higher concentration 
of protein, as follows: 

Experiment 2 . — A 20 per cent mouse-brain suspension was prepared by grind- 
ing finely fifteen mouse brains in a sterile mortar and suspending them in 25 cc. 
of undiluted normal monkey serum. The suspension was centrifuged for 30 
minutes at a speed of 3,000 r.p.m. The supernatant fluid was pipetted off and 
then was centrifuged for 1 hour at a speed of 13,000 r.p.m. After the second 
centrifugation the supernatant fluid was placed in two celluloid tubes, 7 cc. in 
each, and centrifuged for 3^ hours at a speed of 27,300 r.p.m. (455 per second by 
stroboscopic measurement) in the vacuum centrifuge. Along ndth the tubes 
containing the virus, two additional tubes containing water were placed in the cen- 
trifuge. At the end of the run the temperature of the water was measured with 
a thermometer and was found to be 1.2°C. higher than room temperature. After 
centrifugation the tubes containing the virus showed a definite whitish sediment 
at the bottom, and while most of the supernatant fluid was clear, the topmost 
layer of the column, about 5 mm. thick, showed a distinct grayish turbidity and 
apparently contained much finely dispersed fat. The supernatant fluid and the 
sediments were tested in mice in exactly the same manner as in the preceding 
experiment and the results are summarized in Table III. Although the material 
was centrifuged at a higher speed for a longer time than in the preceding experi- 
ment, the separation of the virus was less satisfactory. In fact, the supernatant 
fluid in this experiment proved still infective in a dilution of 1 : 10,000, while in the 
preceding test a 1:100 dilution gave entirely negative results. 

Experiment 3 . — It was difficult in Experiment 2 to understand the reasons for 
the relatively poor separation of the virus, which could not be explained by the 
higher viscosity of the diluent alone. Therefore it was decided to repeat the ex- 
periment in eveiy detail with the exception that the material be centrifuged for a 
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longer period of time. Accordingly fifteen mouse brains were finely ground in a 
mortar and suspended in 25 cc. of normal monkey' serum. After the suspension 
had been centrifuged for 30 minutes at 3,000 r.p.m. and for 1 hour at 13,000 
R.P.M., the dear virus suspension was centrifuged for 51 hours at a speed of 27,300 
R.P.M.' After the completion of the run there was again present a layer of fat on 
the surface of the fluid similar to that observed in the preceding experiment. In 
addition, while most of the column of the fluid w'as reddish yellow in color due to 
the presence of hemoglobin, the topmost portion of the fluid had become perfectly 


TABLE m 


Experimenl 2. Speed 27,300 Revolutions per Minute; Time Hours 


'Material 

Dilution 

Mouse group 

Results 

Supernatant fluid 

Undiluted 

D0703 

All died 


10“^ 

D0704 

tt “ 


10“2 

D 0705 

(( it 


10-® 

D0706 

2/6 " 


10-^ 

D0707 

2/6 “ 

Sediment 1. Resuspended in 1.0 

10-3 

D0708 

All died 

cc. of supernatant fluid 

10-« 

D0709 

(( <1 


10-® 

D0710 

K “ 


10-® 1 

D0711 

it it 


10-3 

D0712 

5/6 “ 


10-3 

D0713 

3/6 “ 

Sediment 2. Supernatant fluid 

10-3 

D 0714 

All died 

poured off entirely and sediment 

10-'* 

D0715 

<( ft 

suspended in 1.0 cc. of fresh 

10-3 

D0716 

n « 

diluent 

10-3 

D0717 

It tt 


10-3 

D0718 

3/5 “ 


10-3 

D07i9 

All lived 


colorless to a depth of about 1 cm., indicating a separation of hemoglobin from 
that portion. The supernatant fluid and the sediments were tested in anim^i c; 
predsely as in the preceding experiments. The sediment in both tubes was 
packed at the bottom so firmly that it was resuspended only with considerable 
difiiculty; in fact, it was found impossible to break up some of the lumps. The 
results of the tests in mice are shown in Table IV. As seen from this table the 
eSective separation of the virus was not much better than was observed in Ex- 
periment 2, although the centrifugation time had been prolonged 2 hours The 
temperature of the rotor at the end of the run was not actuaUy recorded but it 
did not feel much warmer than room temperature. It was considered that the 
slight rise in the temperature that had taken place during centrifugation must 
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have been very gradual, and not sudden enough to set up temperature gradients 
and consequent convection currents which would have interfered with effective 
sedimentation of the virus. Moreover, there was evidence to indicate that separa- 
tion of hemoglobin had taken place, which hardly could be expected had convec- 
tion currents been present. It was felt, therefore, that if yellow fever virus 
particles are more or less of uniform size and have a density approximately that 
of protein, it was not the lack of sufficient centrifugal force which prevented com- 
plete separation of the virus, but the presence of other factors not clearly under- 
stood. 


TABLE TV 


Experiment 3. Speed 27,300 Revolutions per Minute; Time 5^ Hours 


Material 

Dilution 

Mouse group 

Results 

Supernatant fluid 

Undiluted 

D0895 

All died 


10-1 

D0896 



10-- 

D0897 

5/6 " 


10-3 

D0898 

4/6 “ 


10-^ 

D0899 

All lived 

Sediment 1. Resuspended in 1.0 

10-3 

D0900 

All died 

cc. of supernatant fluid 

10-^ 

D0901 



10-® 

D0902 

U 


10-3 

D0903 

it ti 


lo-'f 

D0904 

2/6 

1 

10-3 

D0905 

3/5 

Sediment 2. Supernatant fluid 

10-3 

D0906 

All died 

poured off entirely and sediment 

10-< 

D0907 

« « 

suspended in 1.0 cc, of fresh 

10-3 

D090S 

«« « 

diluent 

10-3 

D0909 

5/6 “ 


10-3 

D0910 

4/6 “ 


10-3 

D0911 

All lived 


As mentioned above, in the last two experiments in which 20 per cent mouse- 
brain suspensions in undiluted monkey serum were used, there was in each in- 
stance a layer of finely dispersed fat present in the topmost portion of the fluid 
after centrifugation. This fat undoubtedly was derived from the brain tissue, 
although a small amount might have been present in the monkey serum. In 
all the experiments described above, the upper portion of the supernatant fluid, 
which was pipetted off and tested in mice for the presence of virus, contained most 
of the fat. It was considered a possibility that some of the virus particles might 
have been encapsulated in the fat globules and brought to the surface instead of 
being sedimented down under the centrifugal force. In order to determine this 
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possibility, the following experiment was carried out in which the fat from the 
mouse brains was extracted prior to use for centrifugation. 

Expcrimciit 4.—T)t. T. P. Hughes of this laboratorj' in his chemical studies on 
the virus found that the fat from infected mouse brains can be removed by ex- 
traction with ether without a material loss of the virus activity. He very kindly 
furnished us with 25 brains which had been dried hi vacuo in the frozen state and 
from which the fat had been extracted in a Soxhlet apparatus with ether and 
petroleum ether. These brains w’ere finely ground with quartz sand in a sterile 
mortar and suspended in 25 cc. of a diluent made up of equal parts of ascitic fluid 
and distilled w'ater. As in the previous experiments, the material was rendered 


TABLE V 


Experimenl 4. Speed 27,300 Revolutions per Minute; Time 3 Hours 


Material 

DUutloa 

Mouse group 

Results 

Supernatant fluid 

Undiluted 

D 1086 

Ail died 


10-1 

D1087 

5/6 “ 


10-2 

D10S8 

4/5 '• 


10-2 

D1089 

3/6 “ 

Sediment 1. Resuspended in 1.0 

10-2 

D1090 

All died 

cc. of supernatant fluid 

10-2 

D 1091 

<( (( 


10-^ 

D 1092 

(( tt 


10-® 

D 1093 

(C u 

1 

10-2 

D1094 

tf cc 

1 

10-2 

D 1095 

All lived 

Sediment 2. Supernatant fluid 

10-2 

D 1096 

All died 

poured off entirely and sediment 

10-2 

D1097 

ti t( 

suspended in 1.0 cc. of fresh 

io-< 

D1098 

cc cc 

diluent 

10-2 

D 1099 

« cc 


10-2 

D 1100 

“ cc 


10-’ 

DllOl 

J/6 ‘‘ 


clear by centrifuging first for 30 minutes at 3,000 r.p.m. and afterward for 1 hour 
at 13,000 R.p.sr. The dear material was then centrifuged in the vacuum centri- 
fuge for 3 hours at a speed of 27,300 r.p.m. The virus content in the supernatant 
fluid and sediments was tested in exactly the same manner as in the preceding 
experiments. The results are showm in Table V. As seen from this table there 
was still a considerable amount of virus present in the supernatant fluid and in 
the titrations which were carried to a dilution of 1:1,000 the negative likit had 
not been reached. It is obvious from these results that factors other than 

presence of fat are responsible for the failure to obtain a complete separation of Se 
Virus m the centrifuge. ^ 
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In all these experiments the centrifuge was stopped by the application of the 
reverse air jets, and it usually required 20 minutes to decelerate from full speed to 
a full stop. It was considered another possibility that during the rapid decelera- 
tion a stirring and mixing may occur in the tubes, although the sharp boundary 
of the separated hemoglobin in Experiment 3 indicated against this. In order to 
obtain information on this point, another experiment was carried out in which 
fifteen mouse brains were finely ground with quartz sand and suspended in 25 
cc. of a diluent containing 20 per cent normal monkey serum. After clarification 
by centrifuging at lower speeds, as in the preceding experiments, the virus mixture 
was again centrifuged for 3 hours in vacuum at a speed of 27,300 e.p.m. At the 
end of this period the driving pressure was cut off and the centrifuge was allowed 
to coast until it came to a standstill, which required slightly over 2 hours. As in 
Experiment 3, the top portion of the fluid showed a definite separation of the hemo- 
globin with a well defined boundary at about 1 cm. below the surface of the column 
of fluid. There was also a layer of fat accumulated on the surface, as observed in 
the preceding experiments. Titrations of the virus content of the supernatant 
fluid and of the sediment in mice gave similar results as observed in previous tests. 
Although the centrifuge was decelerated very slowly and there was evidence to 
indicate that a separation of hemoglobin in the top portion of the supernatant 
fluid had taken place, there was still a considerable amount of virus present in that 
portion of the fluid. 


DISCUSSION 

The centrifuge described above was successfully applied for the 
separation and concentration of yellow fever virus. The major por- 
tion of the virus was sedimented out of the suspension when centrifuged 
for 3 hours at a speed of 25,000 r.p.m.; in fact, it became so firmly 
packed to the bottom that the supernatant fluid could be poured off 
and the sediment resuspended in fresh diluent without appreciable 
loss of the virus activity. This would seem to indicate that the 
centrifuge can be applied for the washing and purification of the virus. 
At the speed of 25,000 r.p.m. the centrifugal force equals approxi- 
mately 34,800 times gravity at the top of the fluid column and 66,000 
times gravity at the bottom. However, a complete sedimentation 
of the virus was not obtained even when greater centrifugal forces 
were applied over a considerably longer period. A certain small 
proportion of the virus remained persistently in the supernatant 
fluid even when hemoglobin which was present in the virus suspension 
had been effectively separated. We are unable as yet to find a satis- 
factorj’ explanation for the failure to secure a complete separation of 
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the virus under the conditions described, although we feel that this 
failure was not caused by convection currents or by stirring during 
deceleration. Investigations intended to determine the nature of this 
phenomenon are at present under way, but the results are not yet 
available. 

Although we have not had an opportunity to study the beha\dor of 
other \druses in this centrifuge, we feel that it should prove a useful 
instrument in the study of filterable disease-producing agents, includ- 
ing the smallest knovm. It can be operated with comparative safety 
at speeds up to 30,000 r.p.ii., giving a centrifugal force of approxi- 
mately 50,000 times gra\nty at the top of the fluid columns and 95,000 
times gravity at the bottom. Although the maximum hydrostatic 
pressure exerted by the fluid at this speed equals more than 600 atmos- 
pheres, the celluloid tubes have withstood this pressure weU. The 
construction of the centrifuge is relatively simple and it could be built 
by any first class machinist. The cost of construction of the cen- 
trifuge itself, exclusive of the vacuum pump and other accessories, 
should not exceed the price of a standard laboratory centrifuge. In 
view of the fact that its air consumption is small and high pressures 
are not needed even for rapid initial acceleration, it could be operated 
in any laboratory where there is a supply of compressed air available. 


SUMllARV 


1. A high speed centrifuge is described in which the speed is limited 
only by the strength of the material of which the rotor is made. It 
carries sixteen tubes, each of which conveniently accommodates 
7 cc. of fluid. 


2. The centrifuge operates in a very high vacuum and therefore 
requires only a small amount of driving energy. The arrangement 
has been found to eliminate the possibility of producing injurious 
frictional heat. 

3. The rotating parts are supported by an air-bearing and are 
driven by compressed air. 


4. The centrifuge has been successfuUy operated at a speed of 30 000 

revolutions per minute, representing a maximum centrifugal force 
in the fluid of 95,000 times gravity. ^^miugai lorce 

“"'““eatio.i of fluid at Ugh speeds are 
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6. Experiments are described in which good sedimentation of the 
yellow fever virus was obtained. 
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PHENOMENON OF LOCAL SKIN REACTRTITY TO BACTE- 
RIAL FILTRATES: EFFECT OF BACTERIAL FILTRATES 
INJECTED INTRAVASCULARLY UPON REACTIONS 
TO ANTIGEN + ANTIBODY COMPLEXES 

By GREGORY SHWARTZMAN * M.D. 

{From the Loboraiones of The Mount Sinai Hospital, New York) 

(Received for publication, June 13, 1936) 

It Tvas previously reported that tissues prepared by bacteria or 
their soluble products undergo severe injury when acted upon by toxic 
principles resulting from intravascular interaction of animal protein 
antigens {i.e., horse serum, egg albumin, etc.) with homologous anti- 
bodies. The interaction can be obtained in one of the following ways : 
By separate intravenous injections of the antigen and the antibody; 
by intravenous injection of the antigen into an animal possessing 
actively acquired homologous antibodies; by injection of the antigen 
into the prepared area with a simultaneous intravenous injection of 
the antibody; and by injection of the antigen into the prepared area 
in rabbits possessing actively acquired antibodies. In the latter case, 
there apparently occurs intravascular formation of the toxic principles 
at the site of the locally injected antigen with the circulating activel}’’ 
acquired antibodies. No similar reactions are obtained when normal 
rabbits {i.e., those receiving no preparatory injection of bacterial fil- 
trate) are injected intradermahy either with the serum precipitinogen 
or the precipitating antiserum and after various intervals of time, rein- 
jected intravenously with the precipitating antiserum in the case of the 
former, and with the serum precipitinogen in the case of the latter. 
Moreover, mixtmes of sermn precipitinogen with precipitating anti- 
serum capable of eliciting severe hemorrhagic necrosis when injected 
intravenously, in skin sites prepared with a potent bacterial filtrate 
consistently fail to prepare the skin for the provocative intravenous 

* This investigation has been aided by a grant from the Josiah Marv Tr 
Foundation. J •> 
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injection of bacterial filtrates. Thus, the antigen + antibody com- 
plexes, whilst endowed with the reacting potency described, are 
lacking in the skin-preparatory potency (Shwartzman (1)). 

It was already shown that in the phenomenon of local skin reac- 
tivity to bacterial filtrates, the preparatory injection of the bacterial 
filtrate is made into the tissues (perivascular preparation), whilst the 
provocative injection is made intravascularly. In recent experiments 
it was found that the bacterial filtrates could also elicit the necessary 
preparatory effect by way of the vascular system provided the locali- 
zation of the preparatory factors from the blood stream was allowed 
through the use of some accompanying agent (heat, Reynals’ tes- 
ticular extract) (Shwartzman (2)). 

The purpose of the investigation embodied in this paper was two- 
fold: To determine whether an intravascular interaction of locally 
injected animal protein antigen with actively acquired antibodies is 
capable of eliciting the state of reactivity to bacterial filtrates; and 
also to determine whether bacterial filtrates injected intravascularly 
are capable of eliciting a local state of reactivity to antigen anti- 
body complexes interacting intravascularly. 

EXPERIMENTAL 

The Effect of Active Bacterial Filtrates upon Sites Injected with Horse 
Serum in Rabbits Sensitized to Horse Semm. — Before proceeding with 
the experiments summarized in Table I, it was important to ascer- 
tain again whether the normal horse serum employed possessed any 
skin-preparatory potency in normal rabbits {i.e., those receiving no 
previous sensitizing injection of horse serum) 

For this purpose, batches of rabbits were prepared by intradermal injection of 
0.5 cc., 0.75 cc., and 1 cc. of normal horse serum, respectively. A group of ten 
rabbits was used for each of the above doses of horse serum. The rabbits of each 
group were further subdivided into subgroups A and B ; subgroup A receiving 25 
reacting units of meningococcus 44B. filtrate T.2041 intravenously, and subgroup 
B receiving 50 reacting units of the same filtrate. Most of the rabbits of sub- 
group A of each of the groups survived and showed no reactions. About 50 per 
cent of the rabbits of subgroup B died following the intravenous injection of the 
bacterial filtrate. One of the surviving rabbits showed a doubtful hemorrhagic 
reaction at the site prepared with 0.75 cc. of normal horse serum. The remain- 
ing rabbits were negative. It may be concluded that normal horse serum em- 
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ployed in these experiments, when injected intradermally even in amounts up 
to 1 cc,, failed to elicit the state of reactivity to bacterial filtrates. 

In the experiments described below rabbits received one sensitizing intravenous 
injection of normal horse serum in a dose of 1 cc., per kilo of body weight. The 
intradermal tests uith horse serum were made 6 days after the intravenous sensi- 
tizing injection; rabbits thus sensitized and otherwise untreated gave no signifi- 
cant reactions outside of slight er>^thema and occasionally edema. As is well 
known, the Arthus phenomenon reqinres repeated sensitizations over a period of 
several weeks. 0.5 cc. was used for the test injections; preliminary experiments 
showed that doses smaller than 0.5 cc. may give inconsistent results. The above 
treatment was combined with injections of bacterial filtrates. The positive reac- 
tions described in this paper wxre hemorrhagic and necrotic lesions typical of the 
phenomenon of local skin reactivity to bacterial filtrates. They were considered 
prompt when they appeared 3 to 5 hours after the intradermal test injection with 
horse serum and delayed when they developed 24 hours later. 

As is seen from Table I, sensitized rabbits receiving intravenous injections of 
bacterial filtrates simultaneously with the intradermal test with horse serum and 
1 hour following it, showed no prompt local reactions (groups 1, 2, 3, 11, 12, and 
16). In one rabbit, the intravenous injection of 75 imits of meningococcus fil- 
trate, given 1 hour after the intradermal test with horse serum, gave a delayed 
reaction (group 13). When the intravenous injection of bacterial filtrates was 
given 6, 18, and 24 hours following the intradermal injection of horse serum, 
hemorrhagic reactions appeared in the sites tested. The reactions appeared 
promptly in groups 4, 5, 6, 7, 8, 14, and 18. Exception was noted only in one 
rabbit (one delayed reaction, group 18). No reactions were obtained when the 
interval of time between the intravenous injection of bacterial filtrate and the 
intradermal test with horse serum exceeded 24 hours (groups 9 and 10). 

As is seen, the intradermal tests with 0.25 cc. of horse serum (t.e., group 19) 
in the sensitized rabbits gave no reactions, while 0.5 cc. of horse serum gave a 
reaction in 1 out of 21 rabbits tested (f.c., group 20). Moreover, all the rabbits 
of groups 19 and 20 were also injected intravenously with 1 cc. of horse serum 
24 hours after the intradermal tests (this part of the experiment not included in 
Table I). The intravenous injection produced no effect upon intradermal tests 
with 0.25 cc. In the group which received 0.5 cc. intradermally the subsequent 
intravenous injection enhanced the previously positive test in the rabbit described 
above and elicited a mildly hemorrhagic reaction in two rabbits at the site of 
previously negative intradermal tests. In one rabbit, the reaction appeared 4 
hours, and in the second one 24 hours after the intravenous injection. 

The foUowing two explanations of the results of the experiments 
sui^anzed in Table I suggest themselves, (a) Local state of re- 
activity may be elicited by the interaction of the locally iniected 
horse serum with the circulating anti-horse antibodies of the sensitized 
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rabbits. The reactive site thus obtained may then react with the 
bacterial filtrate injected intravenously after a suitable period of time. 
(6) It is also possible, however, that the preparatory factors of the 
bacterial filtrate injected intravenously localize at the site of the 
intradermal injection of horse serum in the sensitized rabbits, and 
then, in turn, induce at this site a state of reactivity to the interaction 
of locally injected horse serum with actively acquired anti-horse 
antibodies. As mentioned in the introduction, potent bacterial 
filtrates may produce a preparatory effect by way of the vascular 
system provided some local change raises the permeability of the 
blood vessels, thus aUo-udng their passage into the perivasciilar tissue. 
It is significant in this connection that the incubation period necessary 
to induce the state of reactivity in this manner, may be less than 
2 hours. It is possible, therefore, that the inflammatory reaction 
produced by the intradermal injection of the horse serum into sensi- 
tized rabbits may permit a localization of the sort with a subsequent 
elicitation of the state of reactivity to the reacting factors resulting 
from the antigen -1- antibody interaction. 

In order to elucidate the mechanism of the reactions obtained in 
experiments of Table I, advantage was taken of the previous observa- 
tions that the skin-preparatory potency of certain bacterial filtrates 
is not necessarily parallel to its reacting potency. Thus, quite fre- 
quently meningococcus culture filtrates may possess a high reacting 
potency with a low preparatory potency, whilst B. typhosus culture 
filtrates may have a skin-preparatory potency considerably higher 
than that of meningococcus with a reacting potency lower than that 
of meningococcus. This is illustrated in the titration of skin-prepara- 
tory factors against a constant reacting dose, as recorded in Table 11. 


In experiments recorded in Table III, rabbits were sensitized by an intrave- 
nous injection of 1 cc. of horse serum. With the exception of groups 9, 10, and 
11 the period of sensitization was 6 days. Bacterial filtrates were injected in- 
travenously preceding the skin tests at time intervals ranging from 1 to 96 hours 
(groups 1-7, 9-14, and 16-21). In groups 8 and 15, the bacterial filtrates were 
injected subcuteneously. Active and inactive bacterial filtrates were employed. 
Among the active ones there were those of both high skin-preparatory and provoc 
ative potencies {B. typhosus filtrates), those of high skin-preparatory potency 
and lesser provocative potency (meningococcus and B. enteritidis filtrated and 
those v,nth moderate provocative potency but inactive as skin-preparatory fac 
tors {Streptococcus hcmolyticus and B. tuberculosis filtrates). 



Tiiralion of Phenomenon-Producing Potency of Bacterial Filtrates 

Titratloa of reacting factors .... 

Provocative injection 
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TABLE III 

Reactions in Stnsic Skin Sites Tested with Horse Serum in Rabbits Sensitized with Horse Serum and Treated with Bacterial Filtrates 

Prior to the Skin Tests 
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^\^len the intravenous injection of B. tj-phosus “agar washings” filtrates (5 
to 25 units) preceded by 1 hour the intradennal test with horse serum in rabbits 
sensitized to horse serum, there developed severe but delayed local reactioi^ 
(groups 1 and 2). No reactions were obtained in sites of horse serum tests if 
preceded 6 hours before by the intravenous injection of B. typlwsus "agar wash- 
ings” filtrates in a dose of 25 units (group 12). \\Tjen the B. typlwsus filtrate 
was injected 18 and 24 hours prior to the test, there appeared delayed and also 
some prompt reactions (groups 13 and 14, respectively). 

With longer mtervals of time between the injections of the bacterial filtrate 
and the intradermal tests with horse serum, no reactions appeared (48 hours — 
group 16, and 96 hours — group 17). 


As may be seen from the data thus far presented, filtrates endowed 
with reacting potency but devoid of skin-preparatorj' factors fail to 
elicit the reactions. When B. enlerilidis filtrates possessing both skin- 
preparatory and reacting potencies are employed, the dilutions repre- 
senting 15 skin-preparatory doses also fail to elicit the reactions in 
spite of the fact that they may contain as many as 25 reacting units. 
Convincing results, however, are afforded by comparison of the effect 
of B. typhosus and meningococcus filtrates. As is seen from Table 11, 
the skin-preparatorj^ potency of B. typhosus is approximately five 
times higher than that of meningococcus filtrate. In contrast, the 
reacting potencj' of B. typlwsus filtrate is three and one-half times 
lower than that of meningococcus. Nevertheless, irrespective of the 
concentration of reacting imits, the dilutions employed are effective 
only provided they contain a certain minimal amoimt of skin-prepara- 
tory factors. Thus, for example, the dilution 1:70 of meningococcus 
filtrate containing approximately 15 skin-preparatory- units and 50 
reacting units produces no effect. In order to obtain the reactions it 
is necessary to employ a dilution of 1:45 which has about 23 skin- 


preparatory- units and 75 reacting units. On the contrary-, the dilu- 
tion 1:200 of B. typhosus filtrate containing 25 skin-preparatory 
units and only- 5 reacting units is already- sufficient to elicit strong 
reactions. It is obvious, therefore, that the ability of the bacterial 
filtrates to elicit reactions in antigen-injected sites is strictly condi- 
tioned by their skin-preparatory potency- and seems to be independent 
of the concentration of reacting units. 


It nmy be also noted from Table m that subcutaneous treatmen 
of rabbits mth bactenal filtrates 1 hour prior to the test remaini 
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without effect; and also that period of sensitization of horse serum 
shorter than 6 days is insufficient. 

In the work described thus far, single sites were tested intradennally with 
horse serum. In the following experiments, rabbits sensitized to horse serum 
received simultaneously two intradermal injections of horse serum. Bacterial 
filtrates were injected prior to and following the test injections with horse serum. 

In groups 1-4 of Table IV, the intravenous injection of 25 reacting units, 
per kilo of body weight, preceded these tests by 1 hour. No reactions were 
obtamed, whilst positive reactions were produced in sites of single tests of other- 
wise similar experiments (groups 1 and 2 of Table III). 

Two simultaneous injections of horse serum preceding the injection of bacterial 
filtrate by 24 hours, yielded reactions similar to the single site tests (group 5 
of Table IV compared- wth groups 7, 8, 14, and 15 of Table I). This incidental 
observation is possibly related to some process of local desensitization to the 
anaphylactic reaction ndth horse serum. 

Effect of Iniravenmis Injection of Antigen -f Antibody Complexes 
upon Skin Tests with Horse Serum in Rabbits Sensitized to Horse 
Serum. — As previously reported, whilst certain bacterial filtrates 
alone are capable of eliciting a state of reactivity, potent provocative 
factors may be obtained also from combinations of animal protein 
antigens -with homologous antibodies. Advantage was taken of this 
observation in order to substantiate further the above conclusion that 
the ability of a bacterial filtrate injected intravenously to produce 
reactions at sites with normal horse serum in sensitized rabbits is 
strictly conditioned by its skin-preparatory potency. 

Antigen + antibody complexes employed were mixtures of anti-human horse 
senun -with human serum made in proportions yielding potent reacting factors. 
In groups 6, 7, and 8, normal rabbits were prepared by intradermal injections of 
0.25 cc. of meningococcus group I (strain 44D.i) “agar washings” filtrates diluted 
1.2. Babbits of group 9 were sensitized 6 days previously by an intravenous 
injection of 1 cc. horse serum and prepared by intradermal injection of 0.25 cc. 
of meningococcus group III (strain 44B.) “agar washings” filtrates diluted 1:2! 
24 hours after the preparatory intradermal injections rabbits of groups 7-9 re- 
ceived the above mixture of human serum with anti-human horse serum. 

As is seen from Table V, the antigen -f antibody mixtures were 
endowed with strong reacting potencj' demonstrable both in normal 
and in horse serum-sensitized rabbits. As may be also seen from the 

expenment of group 10, the same mixtures were totally devoid of 
skin-preparatory potenc}\ 
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After ascertaining the reacting potency of the antigen + antibody 
complexes, it was attempted to determine the effect of these complexes 
upon skin sites injected TOth horse serum in rabbits sensitized to horse 
serum 6 days previously. As was noted (Tables I and III), the in- 
l^j-g^Yenous injection of potent bacterial filtrates preceded by 1 hour 
or following after 24 hours, the intradermal tests with horse serum, 
invariably resulted in prompt reactions at sites of the tests with 
horse serum in rabbits sensitized to horse serum. In the experiments 
of groups 3, 4, and 5 of Table V, the injection of bacterial filtrates 
prior to the test with horse serum, or following it, was substituted 
by the above described antigen + antibody mixtures of ascertained 
reacting potency. No reactions resulted in these experiments. 

Effect of Bacterial Filtrates Injected Iniravascularly ufon Reactions 
to Passively Acquired Antigen + Antibody Complexes. — ^Inasmuch as 
all the experiments about to be described remained consistently 
negative, only a brief summary is given below. 


Series 1 . — Rabbits received the antigen (human serum) intravenously in a 
dose of 2 cc., per kUo of hody weight, and 1, 6, and 23 hours later were injected 
intravenously with 25 reacting units of B. typhosus “agar washings” filtrates. 
24 hours after the injection of the human serum (I'.e., 1, 18, and 23 hours after 
injection of the bacterial filtrate, respectively), the animals received a single 
intradermal injection of 0.5 cc. of anti-human -horse serum. 

Series 2 . — Rabbits received the antibody (anti-human horse serum) intrave- 
nously in a dose of 5 cc., per kilo of body weight, and 1, 6, and 23 hours later, 
were injected intravenously with 25 reacting units of B. typhosus “agar washings” 
filtrates. 24 hours after the injection of the antibody, the animals received a 
single intradermal injection of 0.5 cc. of human serum. 

Series 3 . — In group A of this series, rabbits received human serum intrave- 
nously in a dose of 2 cc., per kilo of body weight; in group B, the animak re- 
ceived anti-human horse serum m a dose of 5 cc., per kilo of body weight. - After 
intervals of 1, 6, and 23 hours rabbits of both groups were injected with mixtures 
of human serum and horse serum in a proportion giving rise to a heavy precipi- 
tate. Group A received intradermally anti-human horse serum 24 hours after 
the intravenous injection of the human serum. Group B received intradermaUy 
0.5 cc. of anti-human horse serum 24 hours after the intravenous injection of 
human serum. 


Series 4.— In this series an intravenous injection of B. typhosus “agar wash- 
inp” filtrates in a dose of 25 reacting units, per kUo of hody weight, preceded the 
injections of anti-human, horse, and human sera. The order of injections of the 
sera vaned in the same manner as in experiments of series 1, 2, and 3. 
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DISCUSSION 


The investigations reported in this and previous papers demon- 
strate the possibility of reproducing the phenomenon of local tissue 
reactivity to bacterial filtrates in a number of different ways (Ta- 
ble YL). 

It should be strongly emphasized, however, that the following es- 
sential characteristics are used as criteria for recognition of the 
phenomenon under discussion. 

1. The direct effect of the material used for the preparatory in- 
jection is insignificant in the gross and completely out of proportion 
to the type and severity of reaction obtained following the intravenous 
injection of potent provocative factors. 

2. There exists no correlation between the intensity of direct reac- 
tion to the preparatory injection and the severity of the reaction fol- 
lowing the injection of the provocative factors. 

3. The typical reaction of the phenomenon in the gross observed 
after the provocative injection is essentially of a hemorrhagic tj^ie 
with incidental extensive necrobiosis and subsequent inflammatoiy 
reaction of tissues adjacent to necrotic sites. The reaction is first 
recognized by the appearance of scattered petechiae which promptly 
become confluent and within a few hours involve the prepared site 
with hemorrhage and necrosis of uniform severity. The lesion is flat 
or only slightly raised provided the preliminary treatment does not 
elicit any edema. In the gross, this picture is clearly different from 
the Arthus phenomenon. The reaction of the latter is essentially 
inflammatory in nature. During the first weeks of sensitization the 
inflammation is mild, expressing itseff in swelling and redness. The 
sixth or seventh and subsequent weekly test injections result in 
intense reactions consisting of sizable red swellings with central 
zones of hemorrhage and necrosis. The reactions develop fully, 
usually 24 hours after the test injection. 


As may be seen from Table tT, whilst it is essential that the re- 
acting factors be present in the general circulation, the preparatory 
effect may be elicited in one of the three following ways. 

1. Preparatory injection of active bacterial filtrate into the skin or 
parench,™. of internal organs (local perivascular preparation)- 
dernns, lung (Shwartzman (3)); liposarcoraa of guinea pig (Gratia 
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and Linz (4)); stomach (Karsner, Ecker, and Jackson (5)); knee 
joint (Moritz and Morley (6)); appendix (Latteri (7)); kidney (Loi 
and Cardia (8)); adrenal (Gronchi (9)); conjunctiva (Cassuto (10)); 
pancreas (Reitano and Lui (11)); etc. 

The optimum interval of time between the preparatory and provoc- 
ative injections is 24 hours, although in some rabbits an interval 
as short as 8 hours may be sufficient. The duration of reactivity 
induced depends on the potency and dose of the bacterial preparation 
and ordinarily disappears within 48 to 96 hours. 

2. Injection into the vascular system of an organ (local vascular 
preparation). In 1929 the following experiment was performed 
in collaboration with Baehr (Shwartzman (3)). 

Kidneys of rabbits were exposed by median laparotom3^ The left renal vein 
was clamped off and 0.5 cc. of B. typhosus “agar washings” filtrate was injected 
into the left renal artery. The clamp was released 5 minutes following the in- 
jection. The right kidney received an injection of phenolized saline solution 
under the same conditions. 24 hours later B. typhosus “agar washings” filtrate, 
in a dose of 100 reacting units, per kilo of body weight, was injected into the 
ear vein. 24 hours after the provocative injection the left kidneys showed severe 
hemorrhagic and necrotic lesions of the cortex and medulla. No gross lesions 
were observed in the right kidney. Systematic histological studies were not made 
at the time. It was concluded from these experiments that the preparatory 
factors are capable of eliciting a state of reactivity by way of the vascular system 
of the kidney. 

Inasmuch as the vascular system of the kidney possesses an un- 
usually high degree of permeability which may be altogether different 
from other organs, it was of interest to determine whether a similar 
mode of preparation could be successfully obtained in the rabbit’s 
ear. It was found that the state of reactivity could not be elicited 
by a preparatory intravenous injection of bacterial filtrates alone into 
clamped off and nonclamped ears. The state also failed to appear in 
combination with cold, xylol, ethyl urethane, pilocarpine hydro- 
chloride, atropine, calcium gluconate, guinea pig liver extract, his- 
tamine dihydrochloride, adrenalin chloride, and pituitrin. 

Preparatorj-- intravenous injections of active principles, however, 
were capable of eliciting the state of reactivity in the rabbit’s ear 
when they were accompanied by thermal hyperemia (i.e., exposure 
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to 45"^, 50°, and 55°C.). It was also possible to induce the state of 
reactivity when a mixture of the preparatory factors with testicular 
extract was given into the veins of clamped off ears. The incubation 
period required may be less than 2 hours (Shwartzman (2)). 

As is seen from the macroscopic and microscopic studies on the 
phenomenon, in all probability the state of reactivity takes place in 
the elements of the terminal vascular network of the tissue prepared, 
after a suitable incubation period. Under ordinary conditions of 
intravascular preparation the contact of the preparatory factors with 
the vascular wall lasts only as long as the circulation is stopped and 
probably ceases when it is re-established. If, however, a state of 
enhanced permeability is induced by means of testicular extract 
(Re3mals factors), a diffusion of the bacterial factors is allowed from 
the vascular channels into the perivascular tissue. A perivascular 
depot of active principles thus created may, then, induce the state of 
reactivity through a contact with the local vascular network for the 
necessarj^ length of time. 

The natural high permeability of the kidney vascular supply may 
allow the perivascular deposition of preparatory factors from the 
circulating blood, making it possible to elicit the state of reactivity 
by way of the local vascular system without the use of additional 
agents. 

3. Preparation of organs by a preparatory injection of the bacte- 
rial filtrate into the general circulation. 

Gratia and Linz (12) injected two doses of bacterial filtrate intravenously 24 
hours apart and observed hemorrhages in the internal organs in guinea pigs and 
rabbits. Subsequently, Apitz (13) found that a single dose of filtrate, when given 
intravenously, produced similar changes in the lungs, liver, and spleen, but that 
lesions characteristic of the phenomenon were obtained in the kidneys only when 
the animals received two doses, 24 hours apart. 

Histologically, the renal alterations consisted of localized or diffuse sym- 
metrical cortical necrosis with arterial necrosis and thrombosis, focal glomerular 
^capiUary thrombosis and necrosis of adjacent tubules, interstitial hemorrhage and 
isolated focal tubular necrosis. There exists a great similarity of the morpho- 
logical lesions observed in the skin in the phenomenon of local skin reactivity and 
in the kidneys The results of recent r^ork of Apitz (14) suggested an almost 
complete parallelism between the two when the foUowing factors m each reaction 
were compared; t.e., regularity of occurrence; susceptibility of individual rabbits; 
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time of appearance of lesions; necessary interval between the preparatory and 
provocative injections; activity of preparations from various microorganisms; 
and susceptibility of animals other than rabbits. 

Gerber (15) confirmed Apitz’s findings in experiments with measured doses of 
bacterial filtrates. He found that a single injection, even though greater than 
the sum of two injections, given 24 hours apart, always failed to produce renal 
lesions. The necessary interval between the two injections was 24 hours. When 
the interval decreased to 6 hours, or increased to 48 hours, no lesions were ob- 
tained. However, when testicular extract was given simultaneously with the 
first dose it was possible to elicit the phenomenon in the kidneys within an in- 
terval of 1 or 5 hours between the injections (Bernheim and Gerber (16)). No 
doubt the same mechanism, namely, enhanced vascular permeability was opera- 
tive in both this and the ear experiments. 

It is thus evident that the phenomenon may be obtained by pre- 
paring the tissue by way of the general circulation. Thus far it has 
been possible to prepare the kidney only. This ma)’’ be accounted 
for by the naturally high degree of permeability of this organ. 

The state of reactivity of the phenomenon summarized in Table 
VI is clearly induced only by means of certain bacterial filtrates. In 
method 14 (Table VI), rabbits were sensitized by a single intravenous 
injection of horse serum 6 days prior to the experiments. In these 
rabbits there appeared hemorrhagic and necrotic reactions in sites of 
intradermal tests with horse serum when the tests were preceded by 
1 hour or followed 18 to 24 hours later by an intravenous injection of 
potent bacterial filtrate. From these experiments it may appear that 
the interaction of the animal protein antigen with the circulating anti- 
bodies is capable of inducing a state of reactivity whilst the injection 
of bacterial filtrate provokes tlie reaction. The evidence brought out 
in this paper indicates clearly, however, that the ability of the bacte- 
rial filtrates to elicit reactions in the antigen-injected sites in sensitized 
animals is strictly conditioned by their skin-preparatory potency and 
seems to be quite independent of their provocative potency. More- 
over, combinations of animal protein antigens with homologous anti- 
sera, which are endowed with provocative potency but totally devoid . 
of skin-preparatory potencies, fail to elicit reactions in antigen-injected 
sites. It may be therefore assumed that in the above experiments the 
bacterial preparatory factors introduced into the general circulation lo- 
calize at the antigen-injected sites. The possibility of localization of 
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substances from the blood stream at inflamed sites was clearly 
shown in the work of Opie (17) and his coworkers. ^ It may 
be further admitted that the bacterial factors thus localized elicit 
the state of reactivity necessary for the phenomenon under considera- 
tion. As pointed out before, the incubation period necessary for 
elicitation of reactivity by way of the vascular route may be very 
short. The reactive sites may then, in turn, react characteristically 
to the toxic factors resulting from the interaction of the animal 
protein antigens with homologous antibodies. In this modification 
the shortness of the incubation period required allows a rapid succes- 
sion of the phase of elicitation of reactivity and a phase of production 
of the lesion. The important point of the mechanism described here 
lies in the fact that a certain state of reactivity defined by the phe- 
nomenon under consideration is elicited subsequently to the localiza- 
tion of potent bacterial filtrates from general circulation, the localiza- 
tion by itself by no means being capable of inducing the changes 
described. 

There is reported in the literature a number of observations deal- 
ing with so called hetero-allergic reactions in man and animals infected 
with live microorganisms. 

Thus, Dienes (18) describes severe hemorrhagic reactions in tuberculin-injected 
skin sites of tuberculous guinea pigs following a shocking injection with egg 
white. Accorchng to Schmidt and Kraus (19), and de Potter (20), tuberculous 
children show general and focal reactions to injections of milk, horse serum, and 
broth. Similarly, a number of cases of Arthus phenomenon of extreme severity 
in man is recorded by Koehler and Heilmann (21), Gatewood and Baldridge (22), 
Irish and Reynolds (23), Tumpeer and Cope (24), Ross (25), and Maroney (26). 
The reactions observed consisted of severe and extensive necrosis sometimes 
involving large surfaces. It is of special interest that in all these cases the pa- 
tients suffered from some incidental acute infectious disease (f.^., diphtheria 
upper respiratory infection, etc.). 

Bordet (27) has already made interesting studies on the relation 
of these observations to the phenomenon of local skin reactivity to 
bacterial filtrates. An additional opportunity for the explanation 
of the facts is also afforded by the mechanism of elicitation of the 
state of reacti\dty, subsequently to localization of potent bacterial 
factors circulating in the blood stream in sites of allergic and non 
specific inflammation described in this paper 
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The experiments embodied in this paper seem to indicate possible 
concerted injury-producing effects of certain bacterial principles and 
nonrelated anaphylactic processes. 

SUMMARY AND CONCLUSIONS 

Rabbits were sensitized by a single intravenous injection of horse 
serum 6 days prior to the experiments. In these rabbits there ap- 
peared hemorrhagic and necrotic reactions in sites of intradermal 
tests with horse serum when the tests were preceded by 1 hour, or 
followed 18 to 24 hours later by an intravenous injection of potent 
bacterial filtrates. The skin-preparatory and reacting potencies of 
the filtrates were titrated by means of the phenomenon of local skin 
reactivity to bacterial filtrate. The experiments demonstrated that 
the ability of bacterial filtrates to elicit reactions in the antigen- 
injected sites in sensitized animals is strictly conditioned by their 
skin-preparatory potency and seems to be quite independent of their 
provocative potency. Combinations of animal protein antigens with 
homologous antisera, which are endowed with provocative potency 
but are totally devoid of skin-preparatory potency, fail to elicit 
reactions in antigen-injected sites. 

The various methods of elicitation of the phenomenon of local 
tissue reactivity are summarized and discussed in the text. 
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SKIN TEST FOR STREPTOCOCCAL INFECTION 


A bacterial extract, made as described below, was used in a study of 
cutaneous hyperreactivity, and for testing tissue cultures. The skin 
test dose of 0.1 cc. was injected intradermally into the shaved abdomi- 
nal surface. Normal animals failed to react to this dose of bacterial 
extract. Infected animals, on the other hand, gave definite cutaneous 
reactions in all instances. A delayed inflammatory skin response 
similar to a positive tuberculin reaction occurred, and was charac- 
terized by redness, swelling, edema, induration and in many instances 
by areas of central necrosis. The skin reactions readied their height 
at about 24 hours and then gradually decreased in intensity over a 
period of several days. Positive reactions were at least 10 mm. in 
diameter, and many were 30 to 40 mm. in diameter with variable 
thicknesses and occasional areas of central necrosis. A persistent scar 
resulted when such necrosis occurred. Reactions were noted as early 
as 5 days after infection, persisted throughout the course of the disease, 
and for variable lengths of time in instances where apparent recover}' 
had taken place. The intensity of the cutaneous hyperreactivity varied , 
depending to a certain extent on the stage of the infection. The larger 
and more intense reactions occurred during the acute phase, while 
in the chronic stage, reactions of moderate intensity were obtained. 

Conditions other than active infection may induce skin hypersensi- 
tivity. Guinea pigs inoculated with repeated large doses of formolized 
strain K104 hemolytic streptococcal vaccines, reacted to intradermal 
injection of the extract. Repeated skin testing in an originally nega- 
tive reactor resulted in cutaneous hyperreactivity to subsequent skin 
tests with the same extract. Since the bacterial extract is a crude 
product containing many different chemical fractions, it seems that 
animals infected with closely related strains or those having similar 
cliemical components might give positive skin reactions. In a pre- 
ceding study (3) it was noted that guinea pigs with induced group C 
hemolytic streptococcal infection gave positive skin reactions when 
tested with crude bacterial extracts prepared from a group B hemolytic 
streptococcus and from a Streptococcus viridans of guinea pig origin. 
The reactions, however, were not as intense as those obtained with the 
extract prepared from the homologous streptococcus. 

Using the data obtained by our study (3) of the skin reactivity of 
infected and normal animals to bacterial extract prepared from group C 
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SKIN TEST TOR STREPTOCOCCAL INFECTION 


to throw down the insoluble portion. The resulting dear, slightly opalescent 
solution was the bacterial extract used for skin testing. Each skin test dose of 
0.1 cc, contained the soluble products of 0.5 mg, of the dried, powdered strep- 
tococci. 


Selection of Anwiah for Breeding Stock 

In January, 1935, guinea pigs were obtained from several commercial dealers. 
All animals were carefully inspected and palpated for lymph node enlargement, 
and any showing these lesions were discarded. 330 guinea pigs, 276 females and 
54 males, free from external signs of streptococcal l3TOphadenitis, and isolated for 
several days were then skin tested with 0.1 cc. of bacterial extract. The skin 
reactions were read at 24 and 48 hours. Reactions greater than 10 mm. in diameter 
were considered positive. 20 positive reactors were found. The largest reaction 
was 33 X 18 X 2 mm. witli moderate induration. The average diameter of the 20 
reactions was about 20 mm. The positively reacting guinea pigs were autopsied. 
None showed macroscopic lesions suggestive of the hemolytic streptococcal type of 
infection. Several animals had areas of pulmonary consolidation from which 
pneumococci were cultured. 171 females and 24 males of the 310 negatively 
reacting guinea pigs were used for breeding purposes. They were transferred to 
sterilized pens in a thoroughly cleaned and disinfected room. Isolation technique 
was observed by the attendants. No new outside animals were added to the 
breeding stock. 

During the 15 months from January, 1935, to April, 1936, 1,296 progeny 
resulted from the original negatively reacting breeding stock. No instance of 
hemolytic streptococcal lymphadenitis was observed in the original stock or tlieir 
progeny. In April, 1936, 100 of the progeny were skin tested with a dose of 
streptococcal extract similar to that used originally. No positive reactions 
resulted. 


DISCUSSION 

Epizootic lymphadenitis of guinea pigs caused by hemolytic strepto- 
coccus (group C~Lancefield) is a frequent epidemic or endemic infec- 
tion in herds of guinea pigs. Due to the chronic, relatively benign 
course of the disease, it has been difficult to eradicate the infection 
from large herds. Theobald Smith (6) studied the spontaneous disease 
in a small herd of guinea pigs in ,which the infection was spread by 
contact for a period of 9 years. 

Infected animals with large peripheral nodes are readily recognized 
and easily eliminated. Animals with smaller foci of infection or with 
lesions in internal nodes or in their viscera are difficult of detection by 
ordinary obser\'ation, since these animals maintain good nutrition and 
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present no outward evidence of disease. They may, however, act 
as reservoirs or carriers of the infective agent, and thus maintain the 
infection in a herd. 

The use of a group C hemolytic streptococcal extract for skin testmg 
supposedly normal guinea pigs, and the separation of negative from 
positive reactors, has made it possible to obtain a breeding stock pre- 
sumably free from the hemoljdic streptococcus causing epizootic 
lymphadenitis. This presumption was strengthened by the fact that 
the negatively reacting breeding stock and their progeny, kept in 
isolation, have remained free of spontaneous lymphadenitis for a period 
of 15 months. Furthermore, a group of 100 of the progeny skin tested 
with bacterial extract gave entirely negative reactions. 

The portion of the crude bacterial extract which induces cutaneous 
reactions is apparently stable since the dried powdered bacteria and 
the solutions made from them have been kept for months without 
losing their capacity of inducing reactions in animals known to be 
diseased. Caution should be emphasized in interpreting results of 
repeated skin tests in the same animal, since a negative reactor to the 
first test may eventually develop a positive reaction on repeated subse- 
quent testings. 

Skin testing with a bacterial extract prepared from a group C 
hemolytic streptococcus offers a method of detecting guinea pig 
hemolytic streptococcal carriers which show no obvious external evi- 
dence of this infection. Negative reactors are apparently free from 
infection with the etiological agent of epizootic lymphadenitis and 
may be used as a breeding stock for obtaining guinea pigs free from 
this infection. 


STOniAEV 

1. A skin test with a crude bacterial extract prepared from group C 
(Lancefield) hemolytic streptococci was used as a means of detecting 
possible carriers of the streptococcus causing epizootic Ijunphadenitis 
in guinea pigs. A positive test similar to a positive tuberculin reaction 
was considered presumptive evidence of present or recent infection 
vnth this streptococcus. 

2. 20 positive reactors were found in 330 supposedly normal guinea 
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3. 195 negatively reacting animals were used as a breeding stock 
which yielded 1,296 progeny over a period of 15 months. None of the 
breeding stock or their progeny showed evidence of spontaneous 
lymphadenitis. Skin tests of 100 of the progeny were all negative. 

4. The use of this skin test as a means of obtaining guinea pig breed- 
ing stock free of the streptococcus causing spontaneous lymphadenitis 
is suggested. 
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For some years it has become increasiiigly evident that the methods 
originally proposed (1) for the isolation of the soluble specific substance 
(S) of pneumococcus were in need of revision. Averj'^ and Goebel (2) 
and Enders and Pappenheimer (3) showed that more cautious manipu- 
lation of Type I pneumococcus or its culture filtrate led to the isolation 
of a product chemically and immunologicaUy different from S I as 
originally described. Avery and Goebel presented evidence that these 
differences were due to a labile acetyl group which was removed by the 
treatment with alkali called for in the original method (1). We there- 
fore undertook the preparation of the specific polysaccharides of Types 
H and IH pneumococcus (S H and S HI) without the use of alkali, 
and found no chemical differences (4) from the preparations made as 
originally described. 

Avery and Goebel (2) had also shown qualitatively that the acetyl 
S I precipitated antibody from Type I antipneumococcus horse serum 
which the alkali-treated, deacetylated S I failed to throw down. Our 
quantitative determinations on a Type I antibody solution showed that 
the new product precipitated 2.0 mg. of antibody nitrogen as compared 
TOth 1.3 mg. thrown down by the deacetylated product. However, 
the S n and S IH preparations which had not been alkali-treated 
failed to precipitate more antibody from homologous antipneumo- 
coccus horse senun than did the older preparations. 

At this point we extended our quantitative study of the precipitin 
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reaction between S III and homologous antibody (5) to rabbit anti- 
sera, and at once found that S III preparations which appeared identi- 
cal in chemical properties, including reactivity with horse antisera, 
precipitated widely differing amounts of antibody from a given ho- 
mologous rabbit serum (4). Similar results were obtained with S II. 
This was in accord with Enders and Pappenheimer’s observation (3), 
that Type I antipneumococcus rabbit sera showed greater differences 
with S I prepared in various ways than did homologous horse sera. 

In a search for the reason for these differences methods have been 
worked out for the isolation of the specific polysaccharides from culture 
filtrates without the uSe of heat, strong acid, or alkali. In general the 
procedure consists of the concentration of the culture filtrate in vacno 
to a convenient volume; separation of the polysaccharide from salts 
and protein degradation products by repeated precipitation with 
alcohol in the presence of sodium acetate and acetic acid; removal of 
proteins by denaturation with chloroform and butyl alcohol (a modifi- 
cation of the method used by Sevag (6)); and elimination of any 
glycogen or starch present by methods depending upon the properties 
of the individual polysaccharides. The products were isolated as the 
neutral sodium salts. These were obtained entirely devoid of color 
and yielded solutions characterized by extraordinarily high viscosity. 

EXPERIMENTAL 

Since it was found necessary to vary the procedure slightly with 
different preparations, the following directions are given as a general 
guide rather than as an exact formula to be followed. The quantity 
of alcohol needed to precipitate the polysaccharides completely and 
the number of precipitations necessary to free the polysaccharides 
from impurities also depended to some extent upon the amount of 
potysaccharide present and the character of the impurities. 

1. Preparation of the Specific Polysaccharide of Type I Pncuniococciis, Prepara- 
tion S 120. — 10 liters of phosphate meat infusion broth containing 0.3 per cent of 
added glucose were seeded with a highly virulent Type I pneumococcus, strain 
230.* After 72 hours at 37°C., 1 per cent of phenol was added and the culture 

* Recent mouse passage is necessary for good yields of the polysaccharide. 
After a period of 3 weeks between the last mouse passage and the preparation of 
the polysaccharide the yield was reduced 80 per cent. 
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allowed to stand overnight. It was then centrifuged in a Sharply centrifuge 
and the effluent concentrated to 1 liter under reduced pressure, keeping the tem- 
perature below 35®. 100 gm. of cr>'stalline sodium acetate were dissolved in the 

concentrated broth and 1250 ml. of 95 per cent alcohol were added with constant 
stirring. The polysaccharide separated as a white curdy mass which settled 
rapidly. After standing overnight the supernatant was poured off and the pre- 
cipitate centrifuged. Usually a three layer separation was obtained as described 
(1), but in cases in which only a single volume of alcohol was used the phosphates 
and other salts were not thrown out and no s\Tupy layer was found. The three 
layer separation was also not obtained in the absence of phosphates. If the 
broth used is phosphate-free, purification of the polysaccharides may often be 
greatly facilitated by addition of sufficient phosphate to bring about the three 
layer separation. A solution of 10 gm. of sodium acetate in 250 ml. of water 
was made acid to litmus with acetic acid and the alcohol precipitate (or middle 
layer) was dissolved in this and repredpitated w’ith 300 ml. of 95 per cent alcohol. 
The centrifuged precipitate was dissolved in 250 ml. of water containing 10 gm. 
of sodium acetate and 5 ml. of glacial acetic add, and the turbid solution was 
shaken with 50 ml. of chloroform and 10 ml. of J^butyl alcohol for 30 minutes 
{cf. 6). On centrifugation a semisolid emulsion separated between the aqueous 
layer and the chloroform. The solution and the chloroform were poured off and 
the layer of emulsion was washed with two 50 ml. portions of water which were 
saved for washing later emulsion layers. 50 ml. of chloroform and 10 ml. of 
butyl alcohol were added to the aqueous layer and the shaking was repeated. 
On centrifugation a smaller semisolid emulsion layer was formed and this was 
treated as before. Shaking with chloroform was repeated as long as an emulsion 
layer formed. Seven shakings were usually required. The washings of the emul- 


sion layers were combined and shaken with fresh additions of chloroform as long 
as an emulsion layer formed, and were then combined with the main aqueous 
solution, the total volume now being 350 ml. The polysaccharide w^as precipi- 
tated with 500 ml. of 95 per cent alcohol, redissolved in 250 ml. of water, and the 
solution tested for phosphate and glycogen. Phosphate may be removed either 
by repeated precipitations with alcohol in the presence of sodium acetate and 
acetic acid or with gladal acetic acid in the presence of sodium acetate. Glycogen 
may be leit behind by precipitating the S I from a salt-free aqueous solution with 


copper acetate. In the present instance the solution was free from phosphate 
but gave a strong iodine test for glycogen. 20 ml. of a saturated solution of 
copper aceUte slightly acidified with acetic add were added and the resulting 
bluish predpltate was centrifuged off. The supernatant remained dear when 
more copper acetate was added. The predpitate was dissolved in 50 ml of 20 
per cent sodium acetate solution and 5 mL of glacial acetic add, and repredpitated 
^th an equal volume of alcohol. This .vas repeated untU the predpitate was 
free from copper, after which it was dissolved in 100 ml. of water and the solution 
agam tested for g ycogen. If this is present the copper predpitation is repeated 
The S I was finally preapitated with redistiUed alcohol in the presence of a small 
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amount of sodium acetate, washed with redistilled alcohol, filtered, and dried. 
Yield: 0.9 gm. of the neutral sodium salt of S I. 

2. Preparation of the Specific Polysaccharide of Type II PneumococcuSy Prepara- 
tion S 84. — 10 liters of a 4 day culture of Type II pneumococcus, strain B 39, 
were treated in the same way as for Type I. No differences were observed up 
to the point at which the copper acetate precipitation was made. Plowever, only 
one-third of the S II was thrown down as the copper salt. This fraction, S 84 A, 
which was free from glycogen, was reprecipitated as the copper salt and isolated 
separately. 

The copper-soluble fraction, S 84 B, was freed from copper salts by several 
precipitations with alcohol in' the presence of acetic acid and sodium acetate and 
was redissolved in a small volume of water. Even this concentrated solution 
failed to react with copper acetate. As glycogen was present in this fraction it 
was removed by adjusting the pH to 6.5 and adding a small amount of saliva. 
After a few minutes the iodine test was negative. To remove protein impurities 
added in the saliva 5 gm. of sodium acetate and 2.5 ml. of acetic acid were added, 
and the solution (volume 100 ml.) was repeatedly shaken with cliloroform and a 
little butyl alcohol until an emulsion layer was no longer formed. Since the 
polysaccharide solution still contained nitrogen it was adjusted to contain 5 gm. 
of sodium acetate per 100 ml. and was chilled and precipitated with 5 volumes of 
glacial acetic acid. The precipitate was centrifuged in the cold, taken up in 
50 ml. of 5 per cent sodium acetate solution, and again precipitated with 5 volumes 
of acetic acid. This was followed by two precipitations with alcohol from 5 per 
cent sodium acetate solution and one precipitation with redistilled alcohol, after 
which the polysaccharide was washed with redistilled alcohol, filtered, and dried. 


Yield of sodium salt of copper-precipitable S 11. . . . 

gm. 

0 163 

‘‘ “ “ ** “ copper-nonprecipitable S II 

0.302 

0.465 

Total 




The S II content in the original broth was determined according to Reference 7. 
1 ml. of the broth contained 0.59 mg. or a total of 0.590 gm. of S II in the 10 liters 
used. Recovery, 78 per cent. 

Preparation S 85. 9 liters of an 18 hour culture of T 3 ^e II pneumococcus 
were worked up as above except as follows: Gl3xogen was removed with saliva 
after the first shaking with chloroform. The proportion of copper-precipitable 
S II, S 85 A, was much greater in this lot. Of 406 mg. of S II present in the 
broth 300 mg. were isolated from the copper-precipitable fraction and 60 mg. 
from the nonprccipitable fraction. The latter portion was not rigorously purified. 

3. Preparation of the Specific Polysaccharide of Type III Pncinnococcns.—h 
number of procedures for the isolation of S III were tried before the simplified 
method given in the following paragraph was found. Thus in preparation S 
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105 B, the culture filtrate vras concentrated in vacuo to 1/10 its original volume. 
After three precipitations with' 1.5 volumes of alcohol, part of the protein con- 
tained in the material was removed by 40 per cent saturation with sodium sulfate 
at 37°. The S III was then precipitated by completely saturating the solution 
with sodium sulfate. After removing the sodium suKate by repeated precipita- 
tions of the S III with alcohol and acetic acid in the presence of sodium acetate 
the product was found to contain 2.4 per cent of nitrogen. This was removed 
by twice precipitating the S III as the barium salt with barium chloride. The 
barium was removed by repeated precipitations from 20 per cent sodium acetate 
solution with acetic acid and alcohol. The S III was isolated as the neutral 
sodium salt. 

Similar methods were used in preparation S 107 with the omission of the 
sodium sulfate precipitations. 

Preparation S 108.— 9 liters of a 4 day culture of Type III pneumococcus, 
strain A 66, were worked up in the same way as the Type I culture. Only minor 
differences in behavior w^ere noted. Thus, in the presence of sodium acetate less 
alcohol was needed to precipitate this polysaccharide, 1 volume of alcohol instead 
of 1.25 volumes being sufiScient. Instead of giving a test for glycogen this 
preparation showed a distinct blue color when tested with iodine. This starch- 
like substance remained in the supernatant when the S III was precipitated with 
copper. Yield of the neutral sodium salt of S III: 1.08 gm. 

4. Chemical and. Physical Properties of Specific Polysaccharides of Types J, II, 
and III Pneumococcus. — The chemical and physical properties of different prepara- 
tions are summarized in Table I. In this table the preparation designated S I 
old was prepared by the short method as described in an earlier paper (8) ; S 91 A 
by concentrating the culture filtrate on the steam bath and isolating the poly- 
saccharide without the use of alkali or strong acid; S 120 as described above. 
Of the Type 11 preparations, S II old was prepared by the original method (1) 
but was fractionated by precipitation with copper; S 80 A was obtained from 
heated broth without the use of strong acid or alkali, and S 83 E, S 84 A, S 84 B, 
and S 85 A from broth concentrated hi vacuo and isolated without the use of 
strong acid or alkaU. Of the Type III preparations, S III old and A 66 were 
prepared as in Reference 1, S 102 from broth concentrated on the steam bath 
and isolated without the use of strong add or alkali; S 105, S 107, and S 108 by 
methods described in this paper. 


Analyses for nitrogen were made by a modified micro Kjeldahl method. The 
acetyl content was detennined by hydrolyzing with 25 per cent ^toluenesulfonic 
acid solution, to which a smaU amount of barium hydroxide had been added in 
an all glass reflux apparatus heated in a bath of boiling saturated sodium chloride 
solution for 2 to 4 hours. The acetic acid formed was distilled in a current of 
steam in a micro Kjeldahl apparatus. Successive 100 ml. samples of the di’e 
tillate were collected, heated to bofling under reflux, and then coL in ant" 
bath m a current of carbon dio.xide-free air. They were then titrated with n/ 70 
sodium hydroxide usmg phenolphthalein as indicator. In general all ofthe 
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acetic acid was contained in the first two fractions. The uronic anhydride was 
determined by the method of Burkhart, Baur, and Link (10) and reducing sugars, 
after acid hydrolysis, by the Hagedom-Jensen method (11). Viscosities were 
measured in 0.9 per cent salt solution with an Ostwald viscometer at 20°C. As 
•the values for the viscosity in water are greatly affected by the presence of small 
amounts of salt they are less useful for comparing different preparations than are 
the values in salt solutions. 

In Table II are summarized data on the maximum amount of antibody nitrogen 
specifically predpitable by the different polysaccharide preparations from homol- 
ogous antisera produced in the rabbit and in the horse. In order to remove 
antibodies that might react with material from the culture other than the poly- 
saccharide (12) all of the antisera w^ere first completely absorbed with somatic 
carbohydrate (13) derived from heterologous strains of pneumococcus, and 
with pneumococcus protein obtained from an R strain. As described in previous 
papers (5), a slight excess of the polysaccharide was mixed with 1.0 ml. of the 
serum or antibody solution at 0° in a total volume of 4 ml., and the quantity' of 
antibody nitrogen in the washed precipitate was determined by the micro Kjeldahl 
method. Rabbit sera were allowed to stand for 48 hours in the refrigerator after 
mixing with the polysaccharide, and the horse sera for 24 hours to insure comple- 
tion of the reaction. 

5. Effect of Various Procedures an Readtviiy of Polysaccharides with Rabbit 
Antisera. — ^In order to determine which of the preparative manipulations used 
in the original isolation of the polysaccharides were responsible for the lowered 
reactivity of the older preparations with rabbit antisera, the following experi- 
ments were performed. 

Type /. Effect of Heat. — Solutions of S 120 containing 1.0 mg. per ml. in 0.9 
per cent NaCl and 2.0 mg. per ml. in water at pH 6.4 were sealed in gla^^; tubes 
and heated for 6 hours in a boiling water bath. The relative viscosity of the 
solution in salt fell from 1.69 to 1.05 while the viscosity of the solution in water 
fell from 9.0 to 1.22. 12.4 ml. of the heated aqueous solution containing 24.8 mg. 
of S 120 were precipitated with 90 ml. of alcohol with the addition of a few drops 
of sodium sulfate solution to assist flocculation. The precipitated potysaccharide 
was centrifuged off and the supernatant concentrated to diymess on the steam 
bath after the addition of 5 ml. of 10 per cent sodium hydroxide solution to 
prevent loss of acetic acid. The residue was taken up in water, acidified with 
sulfuric acid, and the volatile acids were determined. Blank analyses were made 
on the reagents used. Volatile acids equivalent to 0.44 mg. of acetyl group were 
found, or 25 per cent of the acetyl content of the original polysaccharide. Part 
of the heated polysaccharide was precipitated when the pH of the solution was 
brought to 3.6 -with acetic acid (c/. 1). 


To 12.5 ml. of solution containing 50 mg. of S 120 were 
added 3.13 rf. of 10 per cent sodium hydroxide solution to make the concentra 
turn of alkah 0.5 N The solution was allowed to stand in an incubator at 37°C 
for 48 hours and the alkah was neutralized with hydrochloric add to pH 7.0 
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and the volume made up to 50 ml. The final concentration of sodium chloride 
was 0.91 per cent and the relative viscosity of the solution was 1.20, 10 ml. of 

TABLE II 

Maxiinmi Antibody Nitrogen Precipitated at 0°C. by Pncinnococcns Polysaccharides 

from Homologous Antisera 


Type I 


Preparation 

1 SI old 

S91A j 

S 120 

S 120 
heated 

S 120 

treated withl 
alkali 

S 120 

heated and 
treated with 
alkali 

Serum 


mg. 

ms. 

mg. 



mg. 

Rabbit 3.70 

0.08 



0.26 

HB9 

0.07 

Rabbit 3.41 

0.15 

0.26 ' 

0.51 




Horse antibody solution 







B 77 

0.62 

0.71 

0.75 

0.72 

0.65 



Type II 


Preparation 

Serum 

S II old 

S 80 A 

S 83 A 

S 84 A 

S84B 

S85 A 


mg. 

mm 

mg. 

m- 

mm 

ms. 

Rabbit RS 1 

0.70 


0.97 

0.9S 


1.01 

Horse antibody solution 


i 





B 83 

0.72 i 

0.73 


0.71 

0.71 



Type III 


Preparation 

Sill 

old 

A 66 

S 102 

S 105 

S 107 

S 108 

S 108 
add 

S lOS 
add, 
heated 
in air 

S 108 
add + 
broth 

S lOS 
add d- 
broth, 
heated 
in air 

Serum 


mg. 

Wfi. 

tnf. 


trtff. 

ms. 

ms. 

ms. 

ms. 

ms. 

Rabbit antibody solution 



1 








B 53 1 


0.62 









Rabbit serum 3.50 ' 

0.86 

1.12 


1.25* 

i.ist 

1.27 

1.23 




Rabbit serum 3.51 


1.24 




1.45 

1.44 

1.36 

1.43 

1.24 

Horse serum 607 

1.34 

1.34 

1.32 

1.37 

1.37 







* S 105 after treatment with n/2 NaOH at room temperature for 24 hours 
precipitated 1.22 mg. antibody N from this serum. 

t S 107 after heating 6 hours at 100° in a sealed tube precipitated 1.17 mg. 
antibody N from this serum. 


this solution were scaled in a glass tube and heated in a boiling water bath for 
6 hours. 
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Data on the reaction vn\h antisera of the polysaccharide treated as described 
above are included in Table II. 

Type IL — A solution of preparation S 83 E in phosphate buffer at pH 5.8 
was heated in a small evaporating dish in a boiling water bath for 8 hours, keeping 
the volume constant by addition of water. A similar solution was sealed in a 
glass tube in vacuo and heated in a boiling water bath. Samples of the culture 
filtrate were treated in the same way. After cooling, the solutions were neu- 
tralized to pH 7.0 with sodium hydroxide and set up in excess with 1 ml. of rabbit 
serum in a total volume of 11 ml. at 0°C. and the antibody nitrogen precipitated 
was determined after 72 hours. The large volume taken was considered desir- 
able to avoid errors due to the high salt concentration of the neutralized broth. 


Antibody Nitrogen Precipitated from Rabbit Seru7n RS 1 



Unheated 

Heated in xacuo 

* Heated in air 



mg. 

mg. 

Broth 

1.07 

1.02 

0.86 

S 83 E 

0.94 

0-94 

0.84 


The difference in the amount of nitrogen predpitated by the broth and the iso- 
lated polysaccharide is believed to be due to antibodies to somatic carbohydrate 
and protein remaining in the serum in spite of the preliminary absorption. 
Quantitative agglutinin determinations (12) showed that there was still 0.17 mg. 
of non-t>T)e specific antibody nitrogen in the serum removable with pneumo- 
coccus I R suspension. The viscosities of solutions of S 85 A containing 1 mg. 
per. ml. in 0.9 per cent sodium chloride solution were compared after heating 
at 100® C. in sealed tubes at pH 6.6 for 6 hours, after heating in a current of air 
for 6 hours, and after treating with n/2 sodium hydroxide solution at 37° for 24 
hours. The maximum amount of nitrogen predpitated from rabbit serum RS 
1 was also determined. 



, S8S A. 

S85 A 
, healed in 
i sealed tube 

S8S A 
heated in 
current 
of air 

< S85A 
alkali- 
treated 

Relative viscosity 1 mg. per ml. in 0.9 i>er 
cent NaCl 

1.64 

1.01 

1.34 

1.00 

1.21 

0.99 

1.51 

1.00 

Mg. antibody N pptd. from 1 ml. RS 1 


Type m.— Preparation S 105 -was treated -svith n/2 sodium hydroxide solu- 
tion for 24 houre at room temperature without greatly rh^ng i'n g its power to 
precipitate rabbit antibody (Table II). Heating preparation S 107 for 6 hours 
in a sealed tube at 100° reduced its viscosity from 2.64 to 1.34 without changing 
its reactivity. Purification of part of preparation S 108 by precipitation with 
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strong hydrochloric acid at 0° as described in the earlier papers (1) reduced its 
viscosity (S 108 acid) from 3.11 to 2.23 without affecting its ability to react with 
rabbit antiserum. Heating this preparation at pH 5.5 in a sealed tube at 100° 
also failed to change its reactivity, but heating at 100° in a current of air reduced 
it slightlJ^ However, when this preparation was heated in the presence of sterile 
broth in a stream of air the amount of antibody precipitated from a rabbit anti- 
serum was reduced to a stiU greater extent (Table II). 

6. Dialysis Experiments . — In an earlier paper (14) it was reported that while 
S HI would not diffuse through a collodion membrane from an aqueous solution 
into water, it would diffuse if the solutions both inside and out of the dialysis 
bag contained 10 per cent sodium chloride. The experiment has been repeated 
on the S HI preparations described in this paper. 

Collodion bags were made in test tubes with 6 per cent parlodion-ether-alco- 
hol-acetic acid mixture (15). Aqueous solutions of preparations S III old, S 102, 
S 108, and S 108 heated with broth, were placed in the bags, and they were im- 
mersed in beakers of distilled water for 18 hours. At that time the solutions 
in the beakers were tested for the presence of polysaccharide with homologous 
horse and rabbit antiserum. The solutions in the bags were then replaced 
by solutions of S HI containing 10 per cent sodium chloride and dialysis con- 
tinued against 10 per cent sodium chloride solution in the beakers. S 108 was 
also tested in the presence of 15 and 20 per cent sodium chloride. 


Reaction of Dialysale with Immune Serum 


Salt concetration 

0 

10 per cent 

1 

1 15 per cent 

20 per cent 

Antiserum 

Horse 

Rabbit j 



Horse 

Rabbit 1 

Horse 

Rabbit 

S III old 

— 

— 

++ 

+ + 





S 102 

- i 

— 1 

-1-1- 

A — h 





S 108 

i 

— ' 


— 

— 

— 

— 


S lOS (heated) 


— 

-1- 

1 






7. Additional Data on Constitution of S I. — W^ork is in progress in this labora- 
tory on the structure of the Type I pneumococcus specific polysaccharide. Analy- 
ses show that the alkali-treated partially deacetylated S I (Table I) contains 
5.12 per cent of nitrogen and 65 per cent of uronic anhydride or one atom of 
nitrogen per molecular weight of 273 and one molecule of uronic anhydride for 
everj' 271 molecular weight. 

Preparation S 120, not alkali-treated, with 4.62 per cent nitrogen, 56 per cent 
uronic anhydride, and 7.1 per cent acetyl contains one nitrogen for each 303, one 
uronic anhydride for each 314, and one acetyl group for each 605 molecular 
weight. In both preparations about half of the nitrogen is free amino nitrogen. 

Acetylation of the deacetylated S I with acetic anhydride in the presence of 
sodium carbonate followed by treatment with n/2 sodium hydroxide at room 
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tcmpcrfl-turc g 3 .vc 3. product wliich contained 4,43 per cent nitrogen, 54«7 per 
cent uronic anhydride, 13.2 per cent acetyl, and no free amino nitrogen. This 
corresponds to one nitrogen for each 316, one uronic anhydride for each 322, 
and one acetyl for each 326 molecular weight. In contrast to the original product 
and to the S 120, both of which are good buffers at the neutral point, this material 
titrates sharply with phenolphthalein as indicator and shows an acid equivalent 
of 319. This indicates that the carboxyl groups of the uronic anhydride are 
free and that none of the nitrogen is present as an acid amide. 

Treatment of S I with nitrous acid destroys its serological activity (1) and 
gives a product which has one-third the reducing value of glucose as measured 
by the Hagedom- Jensen (11) method.^ Upon hydrolysis of S I with hydro- 
chloric acid this same reducing value is obtained. 

The data agree with the hypothesis that the basic unit of the molecule is a 
trisaccharide containing two molecules of uronic acid and an unidentified sub- 
stance containing two atoms of nitrogen. As already indicated by the isolation 
of mucic acid (1) part of the uronic acid, at least, is galacturonic acid. After 
hydrolysis of S I with methyl alcoholic hydrochloric acid as described by Morell 
and Link (16) the crystalline methyl-d-galacturonide methyl ester monohydrate 
was isolated. 


DISCUSSION 

In the preceding portion of the paper revised methods have been 
given for the isolation of the specific polysaccharides of Types I, II, 
and III pneumococcus. The procedure is relatively simple, avoids 
the use of heat, alkali, or mineral acid, and results in the recovery of 
high yields of polysaccharide as entirely colorless sodium salts. For 
good yields recent animal passage of the pneumococcus strain appears 
essential. Since the manipulation is less drastic than any other 
hitherto proposed, except that of Sevag (6) which is followed in part, 
it is believed that the products represent the closest approach yet 
attained to the carbohydrates as they are given off by the pneumo- 
coccus cell to the surrounding culture medium. 

The product isolated by Sevag (6) from Type I organisms contained 
6.7 per cent nitrogen, 1.3 per cent amino nitrogen, and had an optical 
rotation [ajj, 217°.^ The high nitrogen, low amino nitrogen, and optical 
rotation indicate the presence of a nitrogen-containing component not 
present in our products. The question of whether this component is 

Details of this work will be given in a later communication. 

® Through a typographic error this value was given as 21.7® in Sevag’s paper. 
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present as an impurity or is an integral part of the polysaccharide as it 
exists in the organisms cannot be settled at present. 

While the preparations now reported may be artefacts just as were 
the older ones, they are certainly a step closer to the native substances 
themselves, and it is proposed to refer to these products as the specific 
polysaccharides of Types I, II, and III pneumococcus (S I, S II, S III). 
The distinction between acetyl S I and S I is not made, since Avery 
and Goebel (2) have made it obvious that S I, properly isolated, 
should contain the acetyl group. 

An unexpected result is the finding that the specific polysaccharides 
of pneumococcus are not thermostable, as was thought when only 
qualitative methods were available for their study. As will be noted 
from the data in Table I the viscosity is the most sensitive indicator 
of the change on heating, dropping markedly without any accompany- 
ing change in reactivity with antisera (Table II) in the case of S II and 
S III, and with a decrease in precipitating power in the case of S I 
owing to the partial removal of acetyl. When air is admitted during 
the heating an even greater decrease in viscosity occurs, and this is 
accentuated in the presence of broth, resulting in a decrease in the 
precipitating power of all three polysaccharides. This is probably the 
reason for the inferior precipitating power toward rabbit antisera of 
the older preparations, including even the acetyl S I, since heating was 
a step in the isolation. From the marked diminution in viscosity it is 
probable that heating effects a partial depolymerization of the long, 
thread-like chains of native polysaccharide, for Staudinger (17) has 
shown a definite relation between the viscosity and chain length of 
pol 3 '-mer homologues. It would appear, however, that tlie depolymeri- 
zation, if such it be, may proceed quite far before the ability of the 
specific polysaccharide to precipitate rabbit antisera is markedly af- 
fected. On depolymerization by more drastic treatment, such as 
partial hydrolysis by mineral acid, the precipitating power toward 
rabbit antisera may be entirely lost, while the amount of antibody 
thrown down from horse antisera merely diminishes (18). Acid cleav- 
age is also accompanied by further decreases in viscosity (14). 

In harmony with the above are the dialysis experiments with S III 
(page 568) . It had been shown previously that S III prepared accord- 
ing to Reference 1 did not pass through a collodion membrane into 



M. HEIDELBERGER, 


E. E. KEKDALL, AND H. W. SCHERP 571 

water, but dialyzed readily in the presence of 10 per cent salt solu- 
tion (14). It has now been found that a new preparation of S III 
which had not been heated failed to dialyze even in the presence of 
strong salt, but that after heating with broth dialysis occurred. 

It is believed that the simplest explanation of the above is that the 
unheated preparations have the largest particle size, or longest chain, 
and that heating results in a degradation of the molecule to smaller 
units. 

The instabihty of the pneumococcus specific polysaccharides toward 
heat has thus been shown by three independent methods. In addi- 
tion to the probable depolymerizing action of heat there is evidence 
that an oxidative process occurs in the presence of air, and that this is 
greatly enhanced in the presence of broth, under the conditions similar 
to those used in the older preparations (1, 2), by the catalysts present 
in this material (19). 

For the above reasons, also, the S III reported by Homus and 
Enders (20) would appear to be a degradation product and not a dif- 
ferent substance. Possibly the added amoimt of antibody thrown 
down by the preparation is due to contamination with C substance. 

Work on the constitution of the specific polysaccharide of T5^e I 
pneumococcus has been continued. Indirect evidence had previousty 
been obtained of the presence of galacturonic acid in the molecule (1). 
This has now been confirmed by the actual isolation of the methyl 
glycoside of galacturonic methyl ester from the products of hydrolysis 
of S I by methyl alcoholic hydrochloric acid. The anal}i;ical data so 
far obtained are consistent with the assumption of a trisaccharide unit 
for the S I molecule, containing two molecules of uronic acid, possibty 
both galacturonic acid, and two atoms of nitrogen. Further work is 
in progress. 


SUMMARY 

1. The thermolability of the specific polysaccharides of Types I, 
n, and in pneumococcus has been shown by three independent 
methods; (o) diminution of the viscosity of solutions on heating; (b) 
decrease in the amount of antibody precipitated from homologous 
rabbit antisera; and (c) increased tendency (S III) to pass through a 
collodion membrane. 
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from 40 to 49 mm. = 5 plus. When the area of swelling was ill defined, one-half 
was deducted from the grade. Hemorrhages or necrosis did not occur in the skin 
reactions. 

The complement fixation tests were carried out in the following way. The 
rabbit sera were heated for 30 minutes at SS^C. As antigen a suspension of the 
Ravenel strain was used. It was prepared by grinding a culture of Ravenel 
strain and suspending it in normal saline so that 1 cc. of the suspension contained 
10 mg. of tubercle bacilli. The suspension was heated for 30 minutes at 60°C. 
and 0.35 . per cent tricresol was added as a preservative. About one-fourth of 
the self-inhibition dose was used for the complement fixation. The complement 
was either fresh or dried guinea pig serum. It was always freshly titrated and 
two and a half units were used. The concentration of sheep cells suspension was 
5 per cent (in relation to whole blood). Two units of hemolysin were employed. 
0.25 cc. of each ingredient was incubated in a water bath at 37°C. for 1 hour. To 
check the accuracy of the complement fixation tests, a standard serum was 
always included, which was obtained from a rabbit that was immunized by a 
series of injections of tubercle bacilli. 0.5 cc. portions of the serum were dried 
in vacuo in the frozen state by the method of Elser, Thomas, and Steffen (1), 
and a sample of dried serum (recovered by adding 0.5 cc. of distilled water to 
the dry material) was run in the complement fixation test. That the method 
of drying yielded uniform samples was shown by testing three samples of dried 
serum simultaneously. The variation in the complement fixation test from week 
to week was very slight, if any, since the highest dilution of the standard serum 
that fixed complement was always the same. 

EXPERIMENTAL 

In group 1 (Charts 1 and 2) rabbits were injected with 0.000001, with 
0.0000025, and with 0.00001 mg. tubercle bacilli respectively, some intravenously 
and some intratracheally. The rabbits died with extensive tuberculosis from 
102 to 159 days after the infection. The lungs weighed from 52 to 125 gm., most 
of them weighing from 70 to 80 gm. (the weights of normal lungs vary from 
about 10 to 12 gm.) and about nine-tenths of their cut surface was involved in 
tuberculosis. There were many tubercles in the kidneys and in some animals 
the spleen, liver, and cecum contained tubercles. Two to four rabbits in 
each group were tested weekly with tuberculin. The first tests were made 1 
week before, and second tests 1 week after the inoculation wth living tubercle 
bacilli. It is noteworthy that the duration of life and the character of lesions 
were about the same in rabbits subjected to weekly tuberculin tests and in those 
not tested. 

The progress of sensitization as indicated by the results of tuberculin tests 
performed weekly followed a fairly uniform course. Sensitization was evident 
from 2 to 4 weeks after infection. In one instance the reaction was 4^ plus, at 
the end of 2 weeks, but in the remaining instances from 3 plus to 4 plus at the 
end of 3 or 4 weeks was usual. Subsequently for a period of about 10 weeks 
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Chart 1. Old tuberculin tests. 
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there was a fairly intense sensitization, sometimes reaching a maximum of 4 plus 
or 5 plus, but with fluctuation of level. At a later period, i.c. from the 10th to 
the 15th weeks, sensitization diminished, in most instances disappeared, so that 
it was often almost completely absent during 5 or more weeks preceding death. 
In this group of rabbits serological tests were not made. 


^ Injected. 

4:1 A 

8 - / ' 


Gj?oup 1 
IntDatcacheal 
injeotion 

Dose*. 

0.0000085 mg', bacilli 








tlD 

C 



0 5 10 15 

Veeks aj^ter jnj'ection. 


Chart 2. Old tuberculin tests. 



J. FREUND, E. H. LAIDEAW, AND J* S. MANSFIELD 0/ 

In group 2 (Chart 3) six rabbits were infected with 0.00001 mg. tubercle badl 
and the intensity of both sensitization and antibody formation was followed a 
weekly intervals. The animals died after from 112 to 155 days, with extensiv 
tuberculous lesions. The lesions found at autopsy were very similar to those i 
group 1. One of the rabbits, No. 1, developed snuffles during the 3rd week afb 
infection. 

Intense sensitization became evident in five of the six rabbits during the 4{ 
or 5th week and in one during the 6th week. The sensitivity was maintaine 
for from 3 weeks to almost 3 months. In five rabbits the intensity of the tube 
culin reactions diminished gradually from week to week and in one animal rapid] 
(in 1 week). None of the six rabbits reacted to tuberculin for a period of 2 to 1 
weeks preceding their death. 

The graph that represents the antibody titers from week to week during tl 
course of the disease is fairly uniform in five of the six rabbits and very differei 
from the shape of the graph of the tuberculin sensitiveness. Before the infectio 
complement fixation reaction was obtained with 1 : 10 dQutions of the sera in tv 
instances, with 1:5 dilution in two instances, and the sera of the remaining tv 
rabbits did not react in the latter dilution. Antibodies developed and we 
maintained for long periods in all rabbits except in the animal with snuffle 
Significant titers were observed from 3 to 7 weeks after infection. There w 
some fluctuation of the antibody titers; however, antibodies were present in i 
rabbits throughout the whole course of the disease. The persistence of am 
bodies was in striking contrast with the disappearance of skin sensitiveness 
tuberculin. 

In group 3 (Chart 4) six rabbits were infected with a relatively large dos 
0.001 mg. tubercle badUi, and as in group 2 tuberculin sensitiveness and antiboc 
formation were followed by weekly tests. Four of these animals were killi 
in extremis from 77 to 98 days after infection, one died of tuberculosis after H 
days, and one was killed because of snuffles and diarrhea 84 days after infectio 
All the rabbits had extensive tuberculosis of the lungs and kidneys. 

In most of the rabbits sensitization was evident at the 3rd w'^eek and last 
from 1 to 6 weeks. One of the six rabbits, No. 6, showed a fairly strong tube 
culin reaction in only one of the weekly tests, 7 weeks after the infection. In j 
animals sensitization disappeared several weeks before they became moribund. 

Complement fixing antibodies appeared during the 4th week. In all rabbi 
there was a rapid and conspicuous increase in antibody titer during the course 
the disease. IVhen the antibody titers reached their maximum height they i 
mained at that level almost until the death of the animal, with slight if an 
decrease, except in one instance (rabbit 4). In this rabbit the drop of antiboc 
titer was considerable, Le. from 1:120 to 1:30. 

The comparison of the curves of hypersensitiveness and antibody formatk 
shows the Mowing: The development of tuberculin sensitiveness as a rule nr 
ceded the formation of antibodies and the maxima of the two curves did a 
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coincide. The tuberculin sensitiveness disappeared several weeks before death, 
while the antibodies persisted in the blood until the animals became moribund or 
died.' The intensity of tuberculin reaction and antibody formation was dis- 
similar in the individual rabbits, although the animal (rabbit 1) that showed the 
most abundant antibody formation reacted most intensely. 

DISCUSSION 

The data presented show that all rabbits infected with various 
amounts of highly virulent tubercle bacilli (from 0.000001 to 0.001 
mg.) developed allergic skin sensitiveness to tuberculin and antibodies 
demonstrable by the complement fixation test. The intensity and the 
duration of hypersensitiveness varied in the different animals even 
within the same group. In spite of this variation in all instances 
during the course of the disease in relation to skin reaction, three 
periods, a pre-allergic, an allergic, and a post-allergic period, can be 
recognized in all animals. 

Antibody formation was evident in all rabbits that lived more than 
3 weeks, save one (rabbit 1, Chart 3) that developed snuffles during 
the 3rd week after the injection of 0.00001 mg. of tubercle bacilli. 
The production of antibodies was more rapid and the titers of the sera 
were higher in rabbits injected with 0.001 mg. of tubercle bacilli than 
in rabbits that received from 0.001 to 0.000001 mg. of tubercle bacilli. 

The disappearance of tuberculin sensitiveness in the presence of 
progressive tuberculosis is known to occur in man when miliary 
tuberculosis develops, and sometimes before death. Tuberculin 
sensitiveness often decreases or vanishes during measles or whooping 
cough, but it returns after recovery from these diseases. Some 
tuberculous guinea pigs do not react to intracutaneous injection of 
tuberculin for a short period of time preceding death. 

An almost complete absence of the capacity of the skin to react to 
tuberculin was observed in young tuberculous guinea pigs, highly 
allergic in the systemic tuberculin test (Freund (2), Valtis (3)). The 
skin of tuberculous albino rats does not react to tuberculin although 
tuberculin death may be produced with small doses of tuberculin in 
some tuberculous rats (Smith (4), Freund and Hehre (5)). 

In interpreting the disappearance of tuberculin skin reactions, it 
should be remembered that tuberculous rabbits or guinea pigs do not 
lose their allergic sensitiveness to the toxic effect of tuberculin in the 



J. FREUND, E. H. LAIDLA%Y, AND J, S. MANSEIELB 


581 


systemic reaction. Three of four rabbits tested 80 days after the 
injection of 0.0001 mg. bovine tubercle bacilli and after they had lost 
their skin sensitivity, died with tuberculin death following the intra- 
venous injection of 1 cc. of tuberculin. 

The question naturally arises as to the nature of the desensitization 
observed. The relationship of skin sensitiveness to antibodies was 
best studied with sensitization of rabbits to complex and single protein 
antigens. Opie (6) found that there is a correlation between the 
precipitin titers of the serum and sensitiveness in the Arthus reaction. 
When a complex antigen such as horse serum is used, it is not possible 
to desensitize rabbits completely; however, -when a simple antigen, 
crj'^stalline egg albumin, is used for sensitization a large amount of 
antigen causes a complete desensitization that is accompanied with a 
loss of serum precipitins. When the sensitiveness retvuns, antibodies 
reappear in the senun. The data presented in this paper show that 
when skin sensitiveness disappears with the progress of tuberculosis, 
there is no diminution of complement fixing antibodies. 

In correlating the tuberculin tests with the antibody titration, it 
should be taken into consideration that in these two tests two different 
preparations were used. Tuberculin, however, acts also as antigen in 
complement fixation and heat-kiUed tubercle bacilli elicit tuberculin- 
like reactions in the skin of allergic rabbits. It is difficult to compare 
the potency of these preparations: the suspension of heat-killed 
tubercle baciUi and tuberculin in the two tests. Tuberculin prepara- 
tions are feeble “antigens” in the complement fixation test. 

CONCLXrSIONS 

1. Rabbits infected with bo\dne tubercle bacilli develop hyper- 
sensitiveness to an intracutaneous injection of tuberculin. This sen- 
sitiveness appears from the 2nd to the 6th week after infection and 
increases rapidly thereafter. Tests, as a rule, show fluctuation in 
the intensity of the sensitization. Sensitization is followed by an 

interval of several weeks preceding death during which the animals fail 
to react. 

2. Rabbits infected with bovine tubercle bacffli form antibodies that 

fix complement m the presence of tubercle bacilli. The antibodies 
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appear after 2 weeks, increase during 6 to 10 weeks, and persist until 
the animals die. 

3. In the later period of infection the skin fails to react to tuberculin 
at a time when the serum contains complement fixing antibodies. 
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LIPIDS AND IMMUNOLOGICAL REACTIONS 

TTT Lipid Content op Specific Precipitates proii Type I 
ANTiPiHEtrMOCoccrQS Sera 

By FRAIsTS: L. HOI^FALL, Jr., M.D., asd KENNETH GOODNER, Ph.D. 

{From (he Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, June 3, 1936) 

It has been reported (1, 2) that the presence of certain lipids is 
essential to the in vitro demonstration of t}.T^“Specific agglutination 
and precipitation by antipneumococcus sera. It Tras suggested that 
the antibody of antipneumococcus serum might be a phosphatide- 
globulin complex, the nature of the lipid fraction being dependent upon 
the species derivation of the antibody. Because of the minute 
amounts of phosphatide necessary to restore the in intro properties of 
antisera from which lipids had been extracted, it was to be expected 
that the amount of lipid actually associated with the antibody itself 
would be very small. 

It is apparent that if lipid does form a portion of the aiitipneumo- 
coccus antibody, much the simplest means of defining both its amoimt 
and character would be by a study of the antibody in an isolated and 
pure condition. Since, however, technical difficulties which interfere 
with the isolation of pure antibodies have not been entirely sur- 
mounted, it was necessary to study the antibody in its native state. 
IVTiile the method adopted has the disadvantages inherent to the 
chemical study of a substance dispersed in a complex sj^stem, these 
disadvantages are to some extent offset by the fact that the antibody 
had not been altered by chemical manipulation- Perhaps the most 
convenient and satisfactory means of obtaining a separation of the 
antibody from the various constituents of antipneumococcus sera is by 
precipitation with the homologous capsular polysaccharide. Such 
precipitates, if carefully prepared and washed by the method of Heidel- 
berger and Kendall (3), afford adequate and readily available material 
for the quantitative study of those Hpids associated with type-specific 
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antipneumococcus reactions. It is obvious that in precipitates pre- 
pared from a solution as complex in composition as serum, one might 
find not only those very minute amounts of lipid assumed to be inti- 
mately associated with the antibody, but also any lipid which was 
adsorbed during the formation of the precipitate. 

The literature on this subject is very meager. Douglas and Dudley 
(quoted by Hartlej'^ (4)) found that 25 per cent of a dried immune 
precipitate prepared from a mixture of horse serum and the corre- 
sponding rabbit antiserum was ether-soluble. Marrack and Smith 
reported (5) that diphtheria toxin-antitoxin floccules contained a small 
amount of chloroform-soluble material, but they were unable to find 
lipids in rabbit-anti-horse precipitates (6). Breinl and Haurowitz 
(7) found from 2 to 8 per cent lipid in hemoglobin-antihemoglobin 
precipitates, but were not able to detect cholesterol or phosphatides 
b}’’ the methods used. It is apparent that there is a diversity of 
opinion as to the presence or absence of lipid in specific precipitates. 

It is the purpose of this paper to report a series of quantitative 
studies upon a large number of specific precipitates prepared under 
varying conditions from Type I antipneumococcus horse and rabbit 
serum. 


Methods 

One lot eacli of unconcentrated, monovalent horse and rabbit Type I anti- 
pneumococcus sera have been used as an antibody source. The sera were passed 
through Berkefeld V filters just prior to each experiment, and were then whirled 
for 30 minutes in the angle centrifuge at 0°C. in order to eliminate any particulate 
matter. The acetyl capsular polysaccharide of Type I Pneumococcus was used 
as the specific precipitating agent. This polysaccharide contained 4.4 per cent 
of acetyl and 5 per cent of nitrogen. 

Experiments were carried out by two methods: (o) the addition of increasing 
amounts of polysaccharide to constant amounts of serum, and (5) the addition 
of constant amounts of polysaccharide to increasing amounts of serum. In the 
majority of experiments the total volume of each reacting mixture, i.c., serum, 
saline, and polysaccharide, was 5.0 cc. 

Precipitates were prepared and washed according to the method of Heidelberger 
and Kendall (3). The sera, accurately diluted with 0.9 per cent NaCl, were 
measured from a calibrated burette into chemically clean test tubes with an inside 
diameter of 1.2 cm. The serum-saline solutions were cooled to 0°C. in an ice 
bath, and cold polysaccharide solution in 0.9 per cent NaCl was then added. 
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The two solutions were immediately and thoroughly mixed by twirling.^ 
standing at for 24 hours, the precipitates were firmly packed by whirling in 
the angle centrifuge in the cold, and were washed t'vsice with ice cold ^line. 
Care was taken to break up the precipitates thoroughly during eacli washing in 
order to facilitate the removal of extraneous substances. In each instance pre- 
cipitates were prepared in quadruplicate in order that one set of duplicates could 
be analyzed for total nitrogen and the other for both lipid carbon and lipid nitrogen. 

For total nitrogen studies, duplicate precipitates were dissolved in small 
amounts of n/ 10 NaOH and the resulting solutions were then washed quantita- 
tively into pyrex digestion tubes. The digestions and gasometric micro Kjeldahl 
analyses were carried out by the method of Van Slyke (8). Selenium catalyst 
was used in the digestion mixture as recommended by Kirk, Page, and Van Slyke 
(9). This method is accurate to 0.002 mg. of nitrogen. Duplicate analyses were 
made on each single precipitate by using aliquots of the neutralized digest. In 
the various tables below, the figures given for total nitrogen, unless otherwise 
indicated, are the mean values of four analyses {viz., two aliquots on each of two 
duplicate precipitates). The mean variation between the values for determined 
nitrogen on aliquots from the same precipitates was 0.002 mg., while the mean 
variation of the determined nitrogen on duplicate precipitates was 0.005 mg. For 
the calculation of protein the corrected protein nitrogen was multiplied by the 
factor 6.25. The calculation of corrected protein nitrogen will be described below. 

For the determination of total lipid carbon and lipid nitrogen, duplicate pre- 
cipitates were thoroughly broken up in alcohol-ether 3 : 1 (both redistilled). The 
granular suspensions of the specific precipitates thus formed were transferred 
quantitatively to 100 cc. reflux flasks. This was made possible by means of ten 
separate washings with alcohol-ether. The remainder of the extraction method 
followed that of Kirk, Page, and Van Slyke (9). Because of the relatively small 
amounts of lipid in the precipitates, the secondary extraction of the dried alcohol- 
ether residue by petrol-ether was slightly altered, so that the final volume after 


filtration was only 50 cc. Two 10 cc. aliquots of the petrol-ether extract were 
transferred into combustion tubes for lipid carbon analyses, and a 20 cc. sample 
was pipetted into a pyrex digestion tube for lipid nitrogen analysis. For lipid 
carbon determinations the manometric micro method of Van Slyke, Page, and 
Kirk (10) was followed. This method is accurate to 0.003 mg. of carbon. The 
values for lipid carbon in the various tables below represent the mean quantity 
found in four analyses {viz., two aliquots on each of two duplicate precipitates). 
The mean variation between the determined lipid carbon of aliquots from the 
same precipitate was 0.003 mg., and the mean variation of determined lipid 
carbon on duplicate precipitates was 0.004 mg. For the calculation of total 
lipid from lipid carbon the latter figure has been multiplied by the factor 1.3. This 
factor implies a mixture of Hpids having an average carbon content of 77 per cent 
and is an approximation for serum lipids. ^ 

Lipid nitrogen was determined by the method of Kirk, Page, and Van Slyke (91 
In the vanous tables below lipid nitrogen figures represent the mean of separate 
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analyses upon duplicate precipitates Tim m 

Paratus. Van Slykc-Ncill manometric ap- 

Comparaiive Lipid Content nf -r r, . . 

of Capsular Polysaccharide 
in order to determine the relatinn h f 

content of precipitates, analyses were carrirrouttpo^fl 

° out upon a large number 

T , 1 AT- . table I 

P.lyJZ£ 


Type I antipncumo- 
coccus serum 


Species 

Amount 

Mg. per 
cc. of 
antiserum 

Horse 

cc, 

1.50 

0.010 


1.50 

0.040 


1.50 

0.080 


1.50 

0.120 


1.50 

0.160 

(( 1 

1.50 

0.200 

Rabbit 

1.50 

0.017 

{i 

1.50 

0.067 

a 

1.50 

0.133 


1.50 

0.200 

it 

1.50 

0.267 

it 

1.50 

0.333 


Type I capsular 
polysaccharide 


N2 
(calcu- 
lated) 

per cc. I 

0.0005 1 
0.002 
0.004 
0.006 
0.008 
0.010 

0.0008 1 
0.003 
0.006 
0.010 
0.013 
0.016 


Specific precipitate 


Total Ns 


Lipid Nj 

wf. per cc. 
0.021 
0.015 
0.007 
0.018 
0.013 
0.017 


0.012 

0.008 

0.012 

0.011 


Protein 
Nj (calcu 
lated) 


0.266 

0.486 

0.618 

0.656 


Lipid C 


I Lipid con- 
tent of 
I precipitate 


formed from constantanm^^^^TT^^ 

pneumococcus sera to which varvino- rabbit Type I anti- 

been added. The results of experinfeT”?'® Polysaccharide had 
m Table I. experments of this character are shown 

It wiU be noted that under the mnei-f 

SL^d TnT? precipitates rem'ainld 

ed, and bore no relationship to the total Stro en ^ constant over the range 

nitrogen. Furthermore, it will be 
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observed that the Hpid nitrogen content of the precipitates remained almost 
constant and was not related to the total nitrogen conteiit. As the amount of 
polysaccharide was increased the total nitrogen of the precipitates increa^d 
zone of Tn^ Yimiim protein precipitation was reached. Upon the addition of still 
greater amounts of polysaccharide a gradual decrease in the total nitrogen 
occurred. These latter findings have been previously demonstrated by 
Heidelberger and Kendall (11) in a large number of careful experiments. 


Mg/cc. 



Text-Fig. 1. Total nitrogen and total lipid carbon of specific precipitates 
prepared from constant amounts of immune horse serum and varying amounts of 
capsular polysaccharide. 

By plotting both the total nitrogen and the lipid carbon of these 
precipitates against the amount of polysaccharide per uni t volume of 
serum, curves can be obtained -which demonstrate graphically the 
constancy of the lipid content of precipitates prepared from constant 
amounts of antiserum. These curves, for both antipneumococcus 
horse and rabbit sera, are shown in Text-figs. 1 and 2, respectively. 
The absence of a direct relationship between the amounts of lipid 
carbon and the amounts of total nitrogen in these precipitates is clearly 
shown. ^ 
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It must be pointed out that the total nitrogen of specific precipitates 
from Type I antipneumococcus horse or rabbit serum represents the 
sum of at least three separate nitrogen values. It is true that much 
the greater part of the total nitrogen is protein nitrogen. However, 
since the Type I polysaccharide contains 5 per cent of nitrogen, and a 
certain amount of lipid nitrogen has been shown to be present in the 
precipitates, these small quantities must be subtracted from the total 
nitrogen if an exact estimation of protein nitrogen is to be obtained. 

TT^/cc. 



Text-Fig. 2. Total nitrogen and total lipid carbon of specific precipitates 
prepared from constant amounts of immune rabbit serum and varying amounts of 
capsular polysaccliaride. 

It is possible in the region of antibody excess to calculate the polysaccharide 
nitrogen in the precipitates ^Yith considerable accuracy. In the region of antigen 
excess the amount of polysaccharide nitrogen can only be estimated, since the 
antigen content of the supernatants was not determined quantitatively. The 
figures for the calculated total polysaccharide nitrogen are shown in Table I. 
Corrected protein nitrogen was calculated by subtracting lipid nitrogen and poly- 
saccharide nitrogen from the total nitrogen. The protein content of the precipi- 
tates was calculated by multiplying the corrected protein nitrogen by the factor 
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6.25. By the addition of the figures for protein and for lipid, that part of the total 
mass of the precipitate derived from the immune serum was obtained. From 
these figures the relative content of lipid was calculated. 

From these results it will be noted that lipid may constitute a very 
considerable portion of the precipitate mass. In certain other in- 
stances, not indicated in the tables, lipid has been found to form as 
much as 51.2 per cent or as little as 3.8 per cent of the total precipitate 
mass. Heidelberger and Kendall (11) have reported a slight dis- 
crepancy between the observed values for total nitrogen of specific 
Type m precipitates prepared from unconcentrated sera and the 
calculated values as determined by their formulae. It may be pointed 
out that lipid nitrogen, although constituting a very small proportion 
of the total nitrogen, does introduce a slight correction factor with 
respect to protein nitrogen. This correction would tend to reduce the 
above noted discrepancy between observed and calculated values for 
total nitrogen, if one assumes that the precipitates studied contained 
amounts of lipid similar to those here reported. 

Comparative Lipid Cofitent of Specific Precipitates Prepared from 
Varying Amounts of Immune Serum and Constant 
Amounts of Capsular Polysaccharide 

In order to extend and confirm the foregoing observations upon the 
lipid content of specific precipitates, additional experiments were 
carried out in which a large number of precipitates were formed by the 
addition of constant amounts of polysaccharide to increasing amoimts 
of immune serum. The results of these experiments are shown in 
Table II. 


It will be noted that the lipid carbon content of the precipitates expressed in 
terms of unit serum volume progressively and rapidly increased as the amount of 
antiserum was decreased. As in the previous experiments, there was no direct 
relation between the lipid carbon and the total nitrogen content of these precipi- 
tates. The Upid nitrogen content of the precipitates, calculated on the same 
basis, increased in a manner similar to the increase in lipid carbon, and was not 
related to the total nitrogen content of the precipitates. The quantity of total 
nitrogen in the precipitates in terms of unit serum volume increased to a maxi- 
mum as the proportion of polysaccharide became greater, m a manner exactly 
comparable to that of the prerious experiments. 


Polysaccharide nitrogen corrected protein nitrogen, and the relative Uoid 
content of each precipUate have been calculated in the manner described above 
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By plotting the total nitrogen and the lipid carbon values against 
the amounts of polysaccharide in milligrams per cubic centimeter of 
antiserum, curves are developed as shown in Text-figs. 3 and 4. These 
figures clearly demonstrate the absence of any direct relationship 
between the protein and lipid content of specific precipitates as pre- 
pared by this method. They also indicate that, in terms of unit 
serum volume, the lipid content of these precipitates is quite different 
from that of precipitates prepared by the previous method. 

TABLE II 

Total Nitrogen, Lipid Carbon, and Lipid Nitrogen of Specific Precipitates Formed 
from Varying Aviotmts of Immune Serum and Constant Amoimts of Capsular 

Polysaccharide 


Type I antipneumo- 
coccus serum 

Type I capsular 
polysaccharide 

Specihe precipitate 

Species 

Amount 

Mg. per 
cc. of 
antiserum 

N, 

(calcu- 

lated) 



Protein 
N* (calcu- 
lated} 

Lipid C 

Lipid con- 
tent 

precipitate 


cc. 


ms* per cc* 

ms* per cc* 

mg* per cc* 

mg* per cc* 

mg. per cc. 

per cent 

Horse 

3.0 

0.040 

0.002 

0.348 

0.008 

0.338 

0.238 

12.8 


2.5 

0.048 

0.002 

0.371 

0.010 


0.266 

13.4 

t( 

2.0 

0.060 

0.003 

0.466 

0.012 

0.451 

0.311 

12.5 

tt 

1.5 

0.080 

0.004 

0.558 

0.017 

0.537 

0.404 

13.5 

a 

1.0 

0.120 

0.006 

0.607 

0.025 

0.578 

0.580 

17.3 

(t 

0.5 

0.240 

0.012 

0.619 

0.009 

0.606 

1.035 

26.2 

Rabbit 

3.0 

0.080 

0.004 

0.338* 

0.005 

0.329 

0.213 

11.9 


2.0 

0.120 

0.006 

0.460* 

0.008 

0.446 

0.294 



1.0 

0.240 

0.012 

0.660* 

0.015 

0.639 

0.518 

14.4 


* Interpolated from Text-fig. 2. 


Factors Determining the Lipid Content of Immune Precipitates 

From the foregoing results it is apparent that the amount of lipid in 
the immune precipitate bears no relationship to the amount of precipi- 
tated protein. This fact suggested the possibility that much of the 
lipid may be present in the precipitate as the result of adsorption. 
In order to explore this possibility, certain calculations have been 
applied to the observed data to determine if the amount of lipid in the 
precipitate bore any relationship to the concentration of lipid in the 
reacting mixture. 
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In Tables I and II, lipid carbon has been expressed in terms of unit 
serum volume. If, however, the total lipid carbon of each precipitate 



Text Fig. 3. Total nitrogen and total lipid carbon of specific precipitates 
prepared from var^ung amounts of immune horse serum and constant amounts of 
capsular polysaccharide. 

is expressed in its absolute value, irrespective of the amount of serum 
used, it becomes apparent that this value is definitely related to the 
amount of serum in those instances in which the total volume of the 
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reacting mixture has been kept constant. These relationships are 
shown in Table III. It will be noted that with a constant amount of 
serum the lipid carbon of the precipitates is constant, but that with 
progressively increasing serum volume the lipid carbon of the precipi- 
tates also progressively increases. This is true in precipitates formed 
both from rabbit and from horse immune serum. 

Mg/cc. 



Text-Fig. 4. Total nitrogen and total lipid carbon of specific precipitates 
prepared from varying amounts of immune rabbit serum and constant amounts of 
capsular polysaccharide. 

In the majority of instances listed in Table III, the total volume of the reacting 
mixture was 5.0 cc., irrespective of the amount of antiserum or of polysaccharide 
used. In these experiments, then, it can be taken that the concentration of lipid 
in the reacting mixture is directly related to the volume of antiserum. The total 
lipid carbon content of the horse antiserum was 1.942 mg. per cc., and of the rabbit 
antiserum 1.737 mg. per cc. From these values and those given in Tables I and 
II, it is possible to derive the values given in Table III for the concentration of 
lipid carbon in the reacting mixture and the absolute lipid carbon content of the 
precipitates. 
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From a consideration of these data, it appears that the lipid carbon 
content of the specific precipitates is a function of the concentration of 


TABLE rn 


The Relation of the Lipid Content of Specific Precipitates to the Concentration of 
Lipids in the Reacting Mixtures 


Type I antipneumo- 
cocais serum 

Capsular 

polysac- 

charide 

Total 

volume 

of 

reding 

mixture 

ToUl 
lipid C 
in 

reacting 

mixture 

Concen- 
tration 
of lipid 
Cm 
reacting 
mixture 

Specific predpitale 

Calcu- 
lated 
lipid C 
of pre- 
cipitate 
(formula 
1) 

Devia- 
tion of 
found 
from 
calcu- 
lated 

Spedes 

Amount 

ToUl 

Ntof 

precipi- 

tate 

Total 
lipid C 
ot pre- 
cipitate 


cc. 

mg. 

cc. 

mg. 

mg. 
ptr cc. 

mg. 

mg. 

mg. 

mg. 

Horse 

1.5 

0.015 

5.0 

2.914 

0.583 

0.235 

0.608 

0.606 

0.002 

(» 

1.5 

0.060 

5.0 

2.914 

0.583 

0.525 

0.588 

0.606 

0.018 

<{ 

1.5 

0.120 

5.0 

2.914 

0.583 

0.777 

0.616 

0.606 

0.010 

Cl 

1.5 

0.180 

5.0 

2.914 

0.583 

0.892 

0.585 

0.606 

0.021 

ti 

1.5 

0.240 

5.0 

2.914 

0.583 

0.942 

0.628 

0.606 

0.022 

tt 

1.5 

0.300 

5.0 

2.914 

0.583 

0.967 

0.597 

0.606 

0.009 

c» 

3.0 

0.120 

5.0 

5.826 

1.165 

1.044 

0.715 

0.702 

0.013 

cc 

2.5 

0.120 

5.0 

4.856 

0.971 

0.927 

0.664 

0.676 

0.012 

C( 

2.0 

0.120 

5.0 

3.884 

0.777 

0.932 

0.623 

0.639 

0.016 

« 

1.5 

0.120 

5.0 

2.914 

0.583 

0.837 

0.607 

0.606 

0.001 

“ 

1.0 

0.120 

5.0 

1.942 

0.388 

0.607 

0.580 

0.562 

0.018 

(C 

0.5 

0.120 : 

5.0 

0.971 

0.194 

0.309 

0.518 

0.490 

0.028 

ti 

1.5 

0.093 

6.0 1 

2.914 

0.486 


0.593 

0.588 

0 . 005 ’ 

tt 

1.5 

0.093 

6.0 

2.914 

0.486 


0.590 

0.588 

0.002 

ti 

1.5 

0.093 

6.0 

2.914 

0.486 


0.589 

0.588 

0.001 

it 

1.5 

0.093 

6.0 

2.914 

0.486 


0.593 

0.588 

0.005 

it 

1.5 

0.090 

10.0 

2.914 

0.291 


0.543 

0.544 

0.001 

tt 

3.0 

0.046 

12.0 

5.826 

0.485 

0.756 

0.584 

0.588 

0.004 

Rabbit 

1.5 

0.10 

5.0 

2.606 

0.521 

0.421 

0.578 

0.566 

0.012 

it 

1.5 

0.20 

5.0 

2.606 

0.521 

0.750 

0.588 

0.566 

0.022 

(i 

1.5 

0.30 

5.0 

2.606 

0.521 

0.954 

0.570 

0.566 

0.004 

tt 

1.5 

0.40 

5.0 

2.606 

0.521 

1.009 

0.583 

0.566 

0.017 

II 

3.0 

0.24 

5.0 

5.211 

1.041 

1.014* 

0.639 

0.643 

0.004 

II 

2.0 

0.24 

5.0 

3.474 

0.695 

0.920* 

0.589 

0.597 

0.008 

It 

1.0 

0.24 

5.0 

1.737 

0.347 

0.660* 

= 0.518 

0.522 

0.004 

<1 

3.0 

0.375 

12.0 

5.211 

0.434 

1.551 

0.535 

0.545 

0.010 


* Interpolated from Text - fig . 2 . 


lipid in the reacting mixture. To test the validity of this relationship 
other precipitates were prepared in the equivalence zone, using various 
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amounts of serum and total volumes of reacting mixtures which ranged 
from 5 to 12 cc. The values for lipid carbon found in these precipi- 
tates, as well as the total amount and concentration of lipid carbon in 
the reacting mixtures, are also given in Table III. 



Text-Fig. 5. Relation of absolute lipid content of specific precipitates to initial 
lipid carbon concentration of reacting mixture. 

The absolute lipid carbon content of the various precipitates from 
horse and rabbit antiserum, irrespective of the method of preparation 
or the total volume of the reacting mixture, have been plotted in Text- 
fig. 5 against the initial concentration of lipid carbon. Two straight 
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Imes have been empirically inserted in Text-fig. 5 to indicate possible 
linear relationships between the lipid carbon content of precipitates 
and the concentration of lipid carbon in the reacting mixtures. With- 
in the relatively narrow range covered by these experiments, these two 
lines appear to agree vdth the experimentally determined points fairly 
well. However, no extension of the lines shown is justified, for should 
they be extended it will be observed that they would intercept the 
zero concentration axis at 0.46 and 0.49 mg. respectively, an obviously 
impossible circiimstance. 

Since the lipid carbon in a specific precipitate is independent of the 
amount of the precipitate within the limits studied, but is a function of 
the initial concentration of lipid carbon in the reacting mixture, it 
seems reasonable to assume that much the greater part of the lipid 
present in a specific precipitate may be carried down as a result of 
adsorption. 

It has been found that these data agree vrell 'with the Freundlich adsorption 
equation ^ = ii", in ■wnicn ^ = amount adsorbed per unit of surface, and r* = a 

function of the concentration. Quite obviously, no calculation of the surface 
area of the precipitating particles is permissible, particularly since this surface 
progressively and rapidly decreases from the moment of the initial reaction 
between antigen and antibody to the time when the almost solid precipitate has 
settled out. Because of this difficulty it has been necessary to disregard the actual 
surface area of the forming precipitate, and to make the not inconsiderable assump- 
tion that it had in each instance a unit value. It has been foimd that the equation, 
under these circumstances, has the form; 

y ■= A (1) 

For the horse antiserum studied, h has been found to be 0.680, while for the rabbit 
antiserum = 0.645. It is possible, by using this equation, to calculate the 
expected lipid carbon content of a single precipitate when the concentration of 
lipid carbon in the reacting mixture is known. These calculations have been 
carried out, and the results are shown in Table HI. The deviation of the cal- 
culated from the observed values for the lipid carbon content of the precipitates 
has ako been determined. The mean deviation of these values for precipitates 
from either horse or rabbit antiserum is ± 0.010 mg. In the case of immune 
horse serum, this amounts to ± 1.6 per cent, and to ± 1.7 per cent in the case 
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Lipid Content of Successive Precipitates from the Same Portion of 

Atitiserum 

In the preceding sections it has been demonstrated that the lipid 
content of any single specific precipitate from antipneumococcus horse 
or rabbit serum is a function of the concentration of lipid in the re- 
acting mixture before precipitation occurs. In these instances only a 
single precipitate was produced with each portion of antiserum. It is 
possible, however, to produce a number of precipitates from any given 
amount of antiserum by the consecutive addition of small amounts of 


TABLE TV 

Lipid Cofilcni of Specific Precipitates Prepared Successively from the Same 

Portion of Antiseruni 




T>'pc I antipneu- 
mococcus scrum 

U 
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u 
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U 
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(4 
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0 
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*0 
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u 
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cc. 

mg. 

CC, 

mg. 

mg, per 
cc. 

mg. 

mg. 

mg. 

ms. 

A 

1 

Horse 

2.5 



4.856 

0.971 

0.927 

0.664 

0.676 

0.012 


2 

(( 

1.5 


4.66 

2.517 

0.540 

0.134 

0.431 

0.601 

0.170 


3 


0.965 

mB 


1.343 

0,269' 

0.043 

0.035 

0.523 

0.488 

B 

1 

<< 

3.0 



5.826 

1.165 

1.044 

0.715 

0.702 

0.013 


2 

{{ 

2.0 

QwS 


3.063 

0.612 

0.1961 

0.475 

0.616 

0.141 


3 

tt 

1.0 



1.551 

0.310 

0.046' 

0.434 

0.538 

0.104 


polysaccharide. It was important, therefore, to determine the lipid 
content of consecutively formed precipitates. The results of two 
experiments, in each of which three separate precipitates were formed 
from the same portion of antiserum, are presented in Table IV. 

It will be noted that in each experiment the lipid carbon content of the second 
and third consecutively formed precipitates was considerably less than that of the 
first precipitate. This reduction in lipid in the precipitates was considerably 
greater than the diminution in the concentration of lipid in the reacting mixtures. 
The extent of this reduction becomes more apparent when the observed lipid 
carbon values for the second and third precipitates are compared with values 
calculated by formula 1. Although, as shown in Table III, there is a dose cor- 
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relation between the observed and calculated lipid carbon values for an initial 
precipitate, this relationship is considerably altered in the second and third con- 
secutively formed precipitates. In the latter there was at least 0.10 mg. less 
lipid carbon than would be anticipated by application of the formula used for initial 
predpitates. This result was to be expected, since it is likely that those lipids 
most readily adsorbed would be carried doum by the first precipitate, thus leaving 
somewhat less easily adsorbed lipids in the supernatant. Under these circum- 
stances the second and the third precipitates would be formed in the presence of 
lipid which was less and less readily adsorbable, and consequently should contain 
amounts of lipid considerably smaller than those found in initial precipitates. 
These considerations are borne out by the experimental observations. 

It must be pointed out that in these experiments the nature of the various 
lipids present in the reacting mixtures, as well as in the precipitates, has been dis- 
regarded. It is obvious that a number of different lipids (i.c., cholesterol, choles- 
terol esters, phosphatides, neutral fats, and fatty acids) are present in the immune 
sera and the distinctive properties of these various substances suggest that some 
may participate in adsorptive processes to a greater extent than others. 

DISCUSSION 

The initial purpose of this study was to attempt the quantitative 
estimation of those lipids which previous work (1) had suggested might 
be intimately associated with the antibody globulin of Type I anti- 
pneumococcus sera. Inasmuch as complete isolation of the antibody 
has not yet been achieved, it was impossible to approach the problem 
by (hrect analysis. It was determined, therefore, to study the anti- 
pneumococcus antibody as it occurs in specific precipitates resulting 
from the interaction of antisera and the homologous pneumococcus 
capsular polysaccharide. 

The specific precipitates were carefully prepared and washed by the 
method of Heidelberger and Kendall (3) and it was found that they 
contained a relatively large amount of lipid. In some, as much as 51 
per cent, in others as little as 4 per cent by weight of the total precipi- 
tate was lipid. These quantities were very much greater tbap the 
amounts wMch had been anticipated, particularly when it is recalled 
that only very small amounts of phosphatide were required to restore 
certain in vitro properties to antisera extracted by lipid solvents (1). 

Not only was the total lipid content of the precipitates greater than 
imght be expected, but there was no stoichiometric relation between 
the hpid and protein contents of the predpitates. Were all the lipid 
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of specific precipitates present only by virtue of an assumed intimate 
association with antibody globulin, a constant ratio should exist be- 
tween the- amounts of protein and lipid occurring in the precipitates. 
Under these circumstances, too, quantitative curves for the protein and 
lipid content of variously prepared precipitates should have the same 
form. That they do not is manifest in each of Text-figs. 1 to 4. 
Within the ranges studied, the total lipid content of specific Type I 
precipitates was entirely independent of the protein. 

The total lipid content of specific precipitates was found to be a 
function of the initial concentration of lipid in the reacting mixture 
prior to the formation of the precipitate. Since certain adsorption 
phenomena manifest a linear relationship between the quantity of a 
substance adsorbed and some exponential function of its concentration 
in the system, the analytical results were compared with the various 
calculated results. The Freundlich adsorption equation: y = lix" was 
applied, and it was found that if the exponent n were taken to be 0.2, 
the observed values for y (the lipid carbon of the precipitates) had a 
mean deviation from the calculated values of but 0.01 mg. Although 
this correlation between calculated and observed values for the lipid 
carbon content of specific precipitates may be considered as significant, 
it is thought that the experimental findings scarcely warrant a definite 
statement that the Freundlich equation describes the relationship over 
the entire course of the reaction. 

The fact that considerable amounts of lipid have been regularly 
found in Type I specific precipitates and that the quantities appear to 
bear a linear relationship to an exponential function of the concen- 
tration of lipid initially in the systems, neither lends weight to, nor 
does it invalidate the conception that lipid may be intimately asso- 
ciated with the antibody globulin. If, for example, one assumes that 
the ratio of protein to lipid in the antibody is roughly 100:1, a not 
unreasonable assumption in the light of the comparative molecular 
weights of globulin and phosphatide, and also because of the small 
quantity of phosphatide necessary to restore in vitro properties to 
extracted antiserum, it is possible to approximate the amount of 
supposed antibody-lipid in each precipitate. When this is done it is 
found that even in the case of the heaviest precipitate studied (t.e., 
0.656 mg. protein nitrogen per cc.) the associated antibody-lipid 
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carbon would have a value of but 0.031 mg. per cc. In the same 
precipitate the total lipid carbon content was foimd to be 0.388 mg. 
per cc. In the case of smaller precipitates this associated antibody- 
lipid carbon would be proportionately less. Under these circum- 
stances, and if the necessary assumptions are in any way an indication 
of what actually holds, it is easily conceivable that these small though 
significant quantities of lipid would be masked by the relatively large 
amounts of additional lipid found, and therefore do not seriously 
affect the apparent correlation between observed lipid carbon content 
and that calculated on the basis of adsorption. 


SUMMARY 

1. Specific precipitates resulting from the interaction of the homol- 
ogous capsular polysaccharide and Tjqie I antipneumococcus horse 
and rabbit sera have been analyzed by gasometric micro methods for 
total nitrogen, lipid nitrogen, and lipid carbon. 

2. Lipid may, under certain conditions, form as much as 51 per cent 
or as little as 4 per cent by weight of specific precipitates. 

3. The total lipid content of specific precipitates, within the range 
studied, is entirely independent of the protein content, 

4. Lipid nitrogen forms a very small but detectable portion of the 
total nitrogen of precipitates. 

5. The absolute lipid content of precipitates is a function of the con- 
centration of lipid in the reacting mixture prior to precipitation, and 
seems to be governed by the laws of adsorption phenomena. 
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SPOTTED FEVER 

II. An Experimental Study of Fiei're Boutonneuse 
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There are three principal causes for the inconsistencies which exist 
among the classifications of the hmnan rickettsial diseases and their 
etiologic agents. First, many investigators have drawn imwarranted 
conclusions from data obtained by one or two methods of study. 
Second, undue emphasis has been placed either upon minor differences 
among various strains of rickettsiae or slight variations in the diseases 
which they produce in man and experimental animals. Third, it has 
been difficult to construct useful classifications in the absence of rigor- 
ous standards for judging the significance of certain types of data. 

In order to establish uniform methods of experimental procedure 
and analysis, one of us described several methods for the study of 
pathogenic rickettsiae (1). The data obtained by application of these 
methods were evaluated from the point of view of classification. This 
necessitated the proposal of certain criteria, so designed as to facilitate 
an analysis of the data. These differential criteria were selected on 
the basis of experience with several strains of pathogenic rickettsiae 
studied in this laboratory: European typhus, Breinl strain; Mexican 
t>T)hus, Mooser strain; North Carolina typhus, Maxey strain; Rocky 
Mountain spotted fever, Parker strain; Eastern spotted fever, Rum- 
reich. Dyer, and Badger strain; Minnesota spotted fever, Reimann 
strain (2-7). 

It was stated that a careful analysis of the available data permits 
the recognition of two genera of rickettsiae pathogenic for man. Fur- 
tliermore, it was shown that only one species has been discovered 
in each genus, and that the differences between various strains in each 

* Society of Fellows, Harvard University. 

601 



602 


SPOTTED EE\TSR. II 


species must be regarded as of subspecific value. Consequently, tl: 
conclusion was reached that the name, Rickettsia proivazcki, originall 
given to the etiological agent of human typhus by da Rocha-Limi 
must be applied to the rickettsiae of all known diseases of the typhi 
fever group and the name Derma ccntroxemis rickettsi, originally applie 
by Wolbach to the etiological agent of Rocky Mountain spotted feve 
must be applied to the rickettsiae which cause the diseases of tl 
spotted fever group. The names typhus fever and spotted fever wei 
selected to conform with those of the protot}q)al diseases, since di 
tinguishing names are necessary for the designation of two such wide) 
separated groups of diseases. There is some evidence that the mit' 
borne rickettsial diseases may form a third group and that the corn 
spending rickettsiae may belong to a third genus or species. Ho\ 
ever, at the present time the available experimental data are n( 
adequate for the support of such distinctions. 

We have recently completed a number of experiments with tl 
rickettsiae proved by Caminopetros (S) to be the etiological agent < 
fievre boutonneuse. In the present report, the data obtained from o\ 
studies have been combined with pertinent information available i 
the literature. The following aspects of fievre boutonneuse and i 
etiological agent will be considered and the data will be subjected 1 
analysis according to the standards previousl)'- referred to. 1 . Clinic 
study of the disease in man. 2. Weil-Felix reaction. 3. Clinic 
study of the disease in guinea pigs. 4. Study of smears of scrotal S5 
exudate. 5. Histopathology in man and animals. 6. Location ar 
morphology of microorganisms in paraffin sections of tissues of man 
malian host. 7. Study of crossed immunity. 8. Study of the mien 
organisms in the arthropod vector. 9. Study of the microorganisn 
in tissue culture. 

Source of the Strains —Thxoxxg]! the courtesy of Dr. Carm'nopetn 
of the Pasteur Institute of Athens, three strains of the causative agei 
of fievre boutonneuse have been available for our experiments. The 
have been isolated by the injection of the viscera of the common dc 
tick (Rhipicephalns sangumeus) intraperitoneally into guinea pig 
The ticks had been collected from dogs inhabiting regions of Greei 
and Morocco where fievre boutonneuse is endemic. One strain hi 
been isolated in this laboratory. Two strains kindly have been sei 
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to us by Dr. Parker. All strains have been maintained serially in 
guinea pigs by intraperitoneal injection of scrotal sac exudate. Al- 
though there has been a trend toward diminished \drulence after the 
passage of one of these strains through a series of animals, we have 
noticed no fundamental differences among the three strains. Within 
the limits of the experimental data they must be considered as 
identical. 


L Clinical SUdy of the Disease in Man 

Complete clinical descriptions have been made by Olmer (9) and Combiesco 
(10). A brief survey has been necessary for our purposes. 

Conor and Bruch in 1910 (11) described an endemic disease of Tunis. They 
named it fievre boutonneuse. Since the original account, numerous instances of 
diseases with a similar or identical clinical picture have been reported in many 
regions of the Mediterranean littoral. New names for the diseases have fre- 
quently accompanied these reports. Among them have been the following: fievre 
escharonodulaire, exantheme typhoide estival, dothiendermie aigue, exantheme 
infectieux epidemique, exanthematous fever, eruptive fever, Marseilles fever, fever 
of Conor and Bruch, typhus-like fever, and typhus fever. 

The malady may be defined as a tick-bome, rickettsial disease which usually 
has been characterized by a primary lesion at the site of the tick bite, an acute 
onset,' mild febrile reaction, generalized exanthema, brief clinical course, and low 
mortality rate. 

The majority of the cases have occurred in adults during the warm summer 
months. Rare instances have been reported in the early spring and late autumn. 

A primary lesion, the tache noire, has been found in about one-half of the pa- 
tients, usually at the site of a tick bite. The typical lesion has been an indurated, 
hyperemic, painless, and occasionally ulcerous papule, with regional lymphan- 
geitis. In a few instances the primary sore has been in the conjxmctiva (12). It 
was assumed that the local infection in these patients was probably produced by 
introduction of the infectious agent into the eye by rubbing the eye with fingers 
contaminated with infectious viscera of crushed ticks. The primary lesion has 
been produced experimentally in man by subcutaneous or intracutaneous injec- 
tion of blood obtained from human beings with the disease and by a similar 
injection of the viscera of infectious ticks (10). 

The duration of the disease has usually been 12 to 14 days. During the first 
2 to 3 days there have been nonspecific, mUd, prodromal symptoms accompanied 
by an elevation of temperature to approximately 40°C. Within 3 or 4 days after 
the onset of fever, a maculopapular rash has appeared, first on the trunk and 
then, after spreading rapidly to the extremities, has involved the soles of the 
feet and the palms of the hands. The cutaneous lesions, pale red in color in the 
early stages, later have often become hemorrhagic and ulcerous. The fever has 
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subsided by Ij^sis during the evolution of the rash. Except for a prolonged conva- 
lescence, complications have been few and unimportant. 

The course of the disease in children has been brief and the symptoms mild. 
The rare fatalities have occurred in adults whose previous physical state was 
such that any mild infection would have been serious. 

2. Weil-Felix Reaction 

There have been numerous reports concerned with the results of 
the Weil-Felix reaction, conducted with human serum and several 
strains of B. proieus. The results have not been uniform and certain 
inconsistencies among the data of several investigators have caused 
some confusion. The discovery that the reaction varies among dif- 
ferent patients as well as in the same patient during the course of the 
disease has aided in explaining some of the inconsistencies. We are 
inclined to accept the conclusions reached by Felix after he had cor- 
roborated Durand’s careful studies of the Weil-Felix reaction in fievre 
boutonneuse (13). The serum from patients with fievre boutonneuse 
usually agglutinated B. proteus 0 X 19 in low titre. A lower titre 
and often no agglutination were obtained when B. profens 0X2 
and B. proteus O X K were used. Felix has interpreted the results 
as indicative of “group” agglutination, similar to that obtained in the 
study of Rocky hlountain spotted fever and tick bite fever. The 
“main” antigen has not been discovered. 

Serological studies conducted by Caminopetros and Contos (14) 
have been concerned with the action of immune serum on the viable 
rickettsiac. They have found that the serum obtained from monkeys 
after the animals had been inoculated with nonviable rickettsiae of 
fievre boutonneuse and also the serum of patients who were con- 
valescing from fievre boutonneuse neutralize the action of the viable 
rickettsiae of fievre boutonneuse, while the serum of patients who had 
recovered from typhus fever does not neutralize the action of these 
microorganisms. 

3. Clinical Study of the Disease in Guinea Pigs 

The clinical manifestations which have followed the intraperitoneal 
injection of scrotal sac exudate or the viscera of ticks into guinea pigs 
have been fairly uniform. Within 2 to 5 days after injection, the 
temperature usually has reached 104-106°F. and scrotal edema and 
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hyperemia have developed. During this stage the presence of adhe- 
sions between the visceral and parietal layers of the tunica vaginalis 
may be detected by the mechanical resistance to the manual reduction 
of the testes into the peritoneal cavity. These adhesions, at first 
quite easily ruptured, later have become sufficiently organized to pre- 
vent an easy reduction of the testes into the peritoneal cavity. Within 
3 or 4 days after the onset of edema and hjqjeremia of the scrotal sac, 
these manifestations have reached a maximum severity and subsided. 
The temperature has fallen by lysis and within 10 to 14 days after 
intraperitoneal injection has reached normal values. The animals 
have not been prostrated by the infection and the mortality rate has 
been negligible. 

The principal variations from the typical findings have been in the 
length of the incubation period and the intensity of the scrotal inflam- 
mation. Rarely, the incubation period has been prolonged to 7 to 
10 day's. The severity of the scrotal reaction as produced by two 
strains has been fairly uniform. The behavior of the third strain 
has been different in two ways. First, the injection of the viscera of 
ticks has been followed by the rapid onset of high fever, symptoms of 
extreme prostration, and death within 2 days. Each animal had an 
acute generalized peritonitis. The exudate contained, in addition to 
numerous rickettsiae, a large bacillus. It has been shown that a pure 
culture of this bacillus causes a sudden fatal peritonitis, not only' in 
normal guinea pigs but also in those which have recovered from fievre 
boutonneuse. It has only been through a graded dilution of the emul- 
sions of the viscera of ticks and through reinjection of small amounts 
of the exudate that the strain of rickettsiae was separated from this 
unusual contaminant. Secondly, the scrotal reaction produced by 
this strain of rickettsiae gradually has diminished in intensity after 
passage through a series of animals. This phenomenon apparently 
has been encountered by Caminopetros (14). He has stated that 
infectious cerebral tissue, if injected intraperitoneaUy, restores the 
original intensity of the reaction. 

There has been a difference, clinicaUy, between those animals in- 
jected intraperitoneaUy and those wHch have received infectious 
exudate subcutaneously. Although only a few animals have been 
injected subcutaneously, none has developed either a high fever or a 



606 


SPOTTED FEVER. II 


scrotal reaction. This type of response has been comparable to that 
of one animal upon which infectious ticks had fed. This animal had a 
mild fever and no scrotal reaction. Subsequently, it was found to 
be immune to an intraperitoneal injection of scrotal sac exudate. 

4. Study of Smears of Scrotal Sac Exudate 

The methods for microscopic study of scrotal sac exudate have 
been described in a previous report (3). 

All stages of the inflammatory reaction have been examined. The 
most satisfactory preparations have been obtained on the 1st or 2nd 
day after the formation of adhesions between the two layers of the 
tunica vaginalis. 

The direct smears, stained with Giemsa’s solution, have had a vari- 
able ratio of polymorphonuclear leucocytes, macrophages, and serosal 
cells. Pol}Tnorphonuclear leucocytes have been numerous during the 
acute stage of exudation. Macrophages have been predominant in 
the period of organization and early repair. 

Rickettsiae have been found in all preparations. Although they 
usually have been most numerous in the acute voluminous exudate, 
there has been no accurate correlation between the number of rickett- 
siae and the gross appearance of the exudate. Not infrequently a 
copious exudate obtained from an animal which had a severe scrotal 
reaction contained few rickettsiae. It has been common to find 
numerous microorganisms in a scanty exudate obtained from an ani- 
mal which had a mild scrotal reaction. 

The rickettsiae have been found in intracellular and extracellular 
locations. The majority of the microorganisms have been embedded 
in the cytoplasm of macrophages and serosal cells. In a few smears 
the nuclei of several cells have contained clusters of rickettsiae. 
Rarely, microorganisms have been found in the cytoplasm of poly- 
morphonuclear leucocytes. The scattered extracellular rickettsiae 
seem to have gained this position principally as the consequence of 
the crushing of cells during the preparation of smears. 

The microorganisms have never occurred in large numbers in the 
cytoplasm. In the most heavily infected cells, no more than 25 to 30 
pairs have been present. As a rule, they have been scattered at 
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random, but an occasional compact cluster has been found, more 
frequently near the periphery of the cell than elsewhere. 

The rickettsiae have had a distinctive morphology. The typical 
form has been lanceolate and the microorganisms have been associated 
characteristically in pairs. Spherical diplococcoid or linear diplo- 
bacillary forms have represented the usual extremes of morphological 
range. Isolated single microorganisms and an occasional short chain 
of 2 to 3 pairs have been found. 

There has been a great variation in size. The large forms have been 
distinguishable under the magnification of a high dry objective. The 
smallest forms have been so minute that resolution has been diflScult 
to achieve, even with the aid of a 1.3 mm. oil immersion lens and a 
perfect preparation. 

The staining reaction with Giemsa’s solution usually has been rather 
intense. The rickettsiae have been blue and sharply defined, vdth a 
narrow clear halo around them. 

The intranuclear rickettsiae usually have occurred in one or more 
small clusters surrounded by a halo and imbedded in a pale blue, 
homogeneous nucleoplasm. Occasional nuclei have been filled with a 
compact mass of microorganisms. The average dimensions of intra- 
nuclear forms have been less than those of the intracytoplasmic micro- 
organisms, although the extreme ranges have been equivalent. 

5. Hisiopatliology in Man and Animals 

A few incomplete studies of the histopathology of the disease have 
been reported. Olmer (9) has examined the cutaneous lesions of 
Marseilles fever, a disease which is identical with fievre boutonneuse. 
He described small accumulations of lymphocytes, monocytes, and 
poljmorphonuclear leucocytes around vessels of precapillar^^ and capil- 
lar}"^ dimensions. Combiesco (10) has foimd a similar reaction in the 
subcutaneous tissues. No rickettsiae have been demonstrated in the 
sections. Troisier and Cattan (15) have described perivascular ceUu- 
lar aggregates in a monkey with fievre boutonneuse. 

Inasmuch as no human tissues have been available for study in this 
laborator>^ our histopathological data have been obtained from an 
examination of guinea pigs. The tissues have been treated bv the 
Regaud-Giemsa technique, which has been previously described (3) 
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The brain, scrotal sac, epidid3’-niis, testis, and sites of the tick bite 
have been studied with special care. There have been no cerebral 
vascular lesions. The scrotal sac and its contents have shown an 
acute inflammation of the tunica, an exudate over the surface of the 
tunica, a thromboangeitis, and focal necroses. The continuity of the 
serosal cells frequently has been interrupted by small areas of acute 
necrosis. From these small abscesses a rather diffuse cellular infiltra- 
tion has extended for variable distances beneath the partially intact 
but swollen serosal cells. The musculature and connective tissue of 
the scrotum have been involved but the testicular substance, except 
in perivascular regions, usually has been unaffected except for the 
cessation of spermatogenesis which always accompanies the inflamma- 
tion with its attendant local elevation in temperature. The reaction 
has been accompanied by an exudate, distributed rather unevenly 
over the surface of the tunica. The exudate has been composed of a 
variable ratio of polymorphonuclear leucocytes, macrophages, and 
serosal cells. The acute thromboangeitis has been restricted to the 
small arteries and venules, especially those of the scrotal sac and the 
polar fat of the testis. The more severe lesions of vessels have been 
characterized by an acute segmental necrosis of the wall of the 
vessel and a fibrinous thrombus in the lumen. The necrosis usually 
has extended from the intima through the media into the adventitia. 
The structure of the intima and media has been replaced b>^ cellular 
debris and a large number of polymorphonuclear leucocytes and 
macrophages. The cellular infiltration has been distributed through- 
out the periadventitial tissues and often has had an eccentric focal 
zone of concentration. 

The microscopic sections of the cutaneous papules which developed 
at the sites of several tick bites have shown epithelial destruction, 
inflammation of the corium, extravasation of blood, thromboangeitis 
and rickettsiae. The epithelium over a small area has been replaced 
b}’’ a localized superficial acute inflammatory exudate in which bacteria 
of various types have been found. Throughout the corium and sub- 
cutaneous fat there has been a moderate number of macrophages, 
polymorphonuclear leucocytes, and extravasated red blood ceUs. The 
inflammator)" cells have been most numerous around small blood ves- 
sels, several of which have shown partial necrosis of their walls and 
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thrombi in their lumina. The thrombi have been especially common 
in greatly dilated veins. 

d. Location and Morphology of the Microorganisms in Paraffin Sections 
of Tissues of Mammalian Host 

In several instances, the study of the microorganisms in paraffin 
sections has been more satisfactory than in smears. The general 
distribution of the organisms in the exudate has been similar to that 
in smears. Several intranuclear clusters have been found. Only a 
few rickettsiae have been present in the intact serosal cells. They 
have been demonstrated with some difficulty in the focal necroses of 
the tunica and in the endothelial and smooth muscle cells of blood 
vessels. The blood vessels in the region of the tick bite have contained 
more rickettsiae in their walls and intimal endothelial cells than those 
in the scrotum or polar fat of the testis. The morpholog}’’ of the ricket- 
tsiae, whether intracytoplasmic or intranuclear, has been identical 
with that described in smears. 

7. Study of Crossed Immunity 

Several experiments concerned with the question of crossed immunity among 
fievre boutonneuse and other rickettsial diseases in guinea pigs have been reported. 
Caminopetros and Contos (14) have found no crossed immimity between fievre 
boutonneuse and typhus fever. Two strains of R. prowazeki representing Euro- 
pean typhus and Brill’s disease were used in their experiments. Brumpt (16) 
has concluded that fievre boutonneuse does not protect against Rocky Moimtain 
spotted fever. Badger (17) has obtained evidence of reciprocal crossed immunity 
between fievre boutonneuse and Rocky Mountain spotted fever and has con- 
cluded that they are immunologically identical. Davis and Parker (18) have 
reported a positive crossed immimity among Sao Paulo typhus, Rocky Mountain 
spotted fever, and fievre boutonneuse. Parker^ has made the interesting ob- 
servation that his Rocky Mountain spotted fever vaccine, prepared from infected 
ticks, does not protect guinea pigs against fievre boutonneuse. 

In order to evaluate the validity of a single contradiction to the generally 
uniform results, we have conducted a test for crossed immunity between fievre 
boutonneuse and Rocky Mountain spotted fever. A strain of Rocky Mountain 
spotted fever which invariably has been fatal to nonnal guinea pigs was injected 
into normal guinea pigs. As soon as the animals had become moribund blood 
was aspirated from the heart. Several cubic centimeters of this blood were then 
injected i ntraperitoneaUy into each of six guinea pigs which had recovered from 

* Parker, R.R., personal communication. 
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fievre boutonneuse several weeks previously. The animals did not react to the 
injection. 

Our experiments with Parker’s vaccine have confirmed his results. Each of 
twelve guinea pigs was injected with 2 cc. of Rocky Mountain spotted fever 
vaccine. Six of the vaccinated animals and six control animals were given intra- 
peritoneal injections of 2 cc. of blood from animals moribund with Rocky Moun- 
tain spotted fever. The six vaccinated animals exhibited no significant evidence 
of disease. The control animals died of typical Rocky Mountain spotted fever. 

The remaining six vaccinated animals were given, intraperitoncally, graded 
amounts of scrotal sac exudate and splenic tissue from animals ill with fievre 
boutonneuse. Six normal unvaccinated controls were injected with the same 
graded quantities of infectious material. Five animals in each group developed 
fievre boutonneuse. One vaccinated animal and the corresponding control, each 
of which had received the smallest amount of infectious tissue, did not have 
either a scrotal reaction or an elevation of temperature. 

S. Study of the Microorganism in the Arthropod Vector 

A series of observations and experiments by Caminopetros and 
others have proved beyond reasonable doubt that the common dog tick 
(Rhipicephalus sanguineus) is a vector of the causative agent of fievre 
boutonneuse and that the dog is a natural reservoir. The clinical 
observations have associated the disease with the bite of this tick. 
It has been shown, in endemic areas, that the viscera of this variety 
of tick are infectious for several species of animals and that when 
injected into man, are productive, not only of the primary lesion, but 
also the typical clinical disease. 

These facts have led us to undertake a study of 50 ticks {Rhipi- 
cephalus sanguineus) whicli had been collected from dogs owned by a 
man who had recently acquired fievre boutonneuse. The methods 
which have been applied to this study are essentially the same as 
those developed by Wolbach (6). 

The ticks were divided arbitrarily into two lots. One lot was used to establish 
the strain in guinea pigs and to determine by smears the distribution and mor- 
pholog>' of the rickettsiae in the vector. For these purposes, each tick was dis- 
sected and smears made of portions of several organs. The remnants of the 
viscera were then crushed in a mixture of serum and Tyrode’s solution. Graded 
dilutions of the pooled viscera were injected intraperitoncally into twelve guinea 
pigs. The second lot, composed of twenty-five ticks, was used for histologic 
study. This lot was divided into two groups. One group (eleven ticks) was 
dissected without having fed since removal from dogs in Greece, several weeks 
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previously. The second group (fourteen ticks) was allowed to feed on normal 
gmnea pigs for 7 days. After incubation at room temperature for 10 to 14 days, 
they were dissected. During dissection, smears were made of the hypoderm, 
salivary glands, gut, and sexual organs. The viscera of each tick were subse- 
quently fixed in Regaud’s solution, embedded in paraffin, sectioned serially, and 
Stained by the Giemsa method. 

The smears of the organs of the ticks used for establishing the strain, 
and those of the ticks which also had not refed but which were studied 
in serial sections have been essentially identical. A comparison of the 
smears of the ticks not refed with those of the ticks refed in this labo- 
rator}"' has given evidence that multiplication of the rickettsiae has 
followed feeding and incubation. Inasmuch as the smears have given 
only a rough approximation to the more precise findings in serial 
sections, it is only necessary to present the data obtained from serial 
sections. 

All of the ticks of the group which had not refed have contained 
rickettsiae. The serial sections have shown a great variation in the 
number of microorganisms, not only among the individual ticks but 
also in the various organs and parts of the organs in the same tick. 
In two ticks, almost all organs contained numerous rickettsiae, but 
usually the rickettsiae were fairly well localized and sparsely dis- 
tributed. The cells of the gut, hypoderm, and ovaries have been the 
co mm on sites of predilection. Localization in the cytoplasm has been 
constant but no intranuclear rickettsiae have been found in this series. 
Diplococcoid and diplobadllary forms frequently have been pre- 
dominant. Many other structures, too numerous to mention, have 
exhibited such a range in morphology and staining reactions that they 
have not been considered as related to the rickettsiae under considera- 
tion, although it must be borne in mind that the morphological range 
of Dermacenlroxenus rickeilsi in the tick has not been completely 
determined. 

A study of fourteen ticks which had refed prior to dissection has 
added several interesting facts. The guinea pig upon which they had 
fed acquired an immunity to fievre boutonneuse. Three cutaneous 
papules at the site of tick bites showed the characteristic thrombo- 
angeitis with rickettsiae in the walls and endothelial linin g q£ 
blood vessels. The senal sections of these ticks in general have shown 
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rickettsiae in larger numbers and more diffusely distributed than those 
of the control series which had not refed. Furthermore, intranuclear 
rickettsiae have been found in four ticks. The cytoplasm of the cells 
of the gut, brain, hypoderm, ovaries, smooth muscle, and striated 
muscle frequently has contained microorganisms in large numbers. 
Usually they have been either isolated or in small clusters. Compact 
masses entirely replacing the cytoplasm have not been found. Small 
diplococcoid and diplobacillary forms have been especially numerous 
in those ticks in which intranuclear rickettsiae were demonstrable. 

The intranuclear rickettsiae have been in several cells of the rectal 
pouch, the female sexual organs, striated muscle, Malpighian tubules, 
and h3q)oderm. These microorganisms have usually occurred in 
clusters in the center of the nucleus or uniformly distributed through- 
out the nucleus. In the latter instance, great distension of the nuclear 
membrane has been a common finding. Chromatin and nucleoli 
usually have either been wholly indistinguishable or persistent only 
at the nuclear membrane. When in compact masses the microor- 
ganisms usually have been smaller and more coccoid than when in 
small clusters. However, in both instances lanceolate diplococci and 
diplobacilli of relatively great size have been found. 

P. Study of the Microorganisms in Tissue Culture 

The plasma dot tissue culture method (4, 5) and the Maitland technique (19) 
as applied to the investigation of rickettsiae have previously been described. In 
this present study, scrotal sac exudate and infectious splenic tissue either singly 
or in combination with smooth musde or striated muscle have been explanted. 
Smooth musde from the uterus and striated muscle from the thigh of normal 
guinea pigs have been used. Prior to explantation, the infectious tissues and 
normal musde have been incubated together at room temperature for at least 

1 hour. The cultures have been maintained at 32-35°C. over a period of from 

2 to 4 weeks. Transfers have been made at intervals of from S to 14 days. 
After termination of the period of cultivation, cultures have been selected for 
tests of infectivity. The remainder have been treated by the Regaud-Giemsa 
technique. Serial sections have been made of the tissues cultivated in plasma 
clots, as well as those in Maitland’s medium. 

Inasmuch as the cultures in plasma clots have been more successful 
than those in the fluid medium, the descriptions principally will be 
restricted to the former. They always have been infectious for 
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guinea pigs during the period of cultivation (2 to 4 weeks). There 
have been no important variations in the microscopic findings which 
are attributable to prolongation of the period of cultivation beyond 
2 weeks. 

The cultures of scrotal sac exudate after growth in vitro for 2 weeks 
have contained a few typical macrophages and rare polymorphonuclear 
leucocjdes. The majority of the cells have been large mesenchjmal 
cells, frequently in mitosis. These large fusiform or stellate cells have 
multiple processes, a reticulated cytoplasm, and prominent ellipsoidal 
nuclei. 

In the average culture rickettsiae have been present in 80 to 90 
per cent of the large mesenchymal cells and macrophages. The nuclei 
of approximately 20 per cent of the cells have been partially or com- 
pletely filled with rickettsiae. Nuclei imdergoing mitosis often have 
contained the microorganisms. 

The characteristic, lanceolate, diplococcoid or diplobacillary forms 
of rickettsiae have been encountered most frequently. Isolated, coc- 
coid or linear, bacillary forms have shown, as in the smears, the ten- 
dencyf of the organisms to be pleomorphic. Long chains have been 
found in many cells. 

There has been a considerable range in the dimensions of the or- 
ganisms. This has been noted within individual cells, among separate 
cells in the same culture, and among the different cultures. The 
range in size has occasionally exceeded the limits of that described in 
smears and sections of scrotal sac exudate previous to cultivation 
in vitro. 

The intracytoplasmic distribution usually has conformed to one or 
two general patterns. A common localization has been in the reticu- 
lum between unstained spherical spaces which commonly occur in the 
cytoplasm of cells cultivated in vitro. These particular spaces repre- 
sent the site of dissolved protoplasmic spherules which occiu: as highly 
refractile bodies in the living ceU. It has been in this reticulum that 
the long chains of rickettsiae often have formed, although isolated 
diplococcoid structures have been most frequent. In the cells having 
no reticulum of the nature described above, there has been a random 
scattering of diplococci and a reduction in the number of chains. 
Occasionally the rickettsiae have been present in isolated clusters 
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surrounded by a narrow clear halo. These clusters frequently have 
been near the periphery of the cells and have never completely filled 
the entire cytoplasmic region. 

The nuclei, although occasionally distended by a mass of rickettsiae, 
usually have contained small irregular clusters, one to four in number, 
centrally located and surrounded by a narrow clear halo. Short 
chains rarely have been distinguishable. The nucleoli and strands 
of chromatin have either disappeared or have been retained in scat- 
tered fragments among the rickettsiae or along the nuclear membrane. 
The nuclear membrane often has been thicker and more irregular 
than normal. 

The intranuclear forms have varied greatly in size and shape. As 
a general rule, the more numerous the rickettsiae, the greater the 
number of small coccoid forms. There have been no sharp distinc- 
tions between the morphological range of the intranuclear forms and 
that of the intracytoplasmic rickettsiae. It has been a fairly uniform 
observation that in any single nucleus, all rickettsiae are very similar, 
while in the cytoplasm of a single cell, great morphologic variations 
have been found. 

There has been no evidence that extensive intranuclear and intra- 
cytoplasmic parasitism is detrimental to the cell. On the contrary, 
rickettsiae, although generally in small numbers, have been found in 
the mitotic figures and regional protoplasm of dividing cells. It has 
been common, also, to find certain zones in growing cultures where 
intranuclear localization is much more prominent than elsewhere. 

No additional useful data have been obtained from the cultures of 
splenic tissue. The significant findings have been identical with those 
in cultures of scrotal sac exudate. 

Several attempts to infect uterine smooth muscle and striated muscle 
from the thigh have been unsuccessful. The serial sections have 
shown numerous rickettsiae in cells which had grown between the 
\dable muscle fibers and into the protoplasm of degenerating muscle 
cells. 

The cultures of tissues in Maitland’s medium have shown multi- 
plication of rickettsiae. The smears and serial sections of tissue 
cultivated in this manner have given less uniform and less satisfactory 
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data than the tissue cultivated in plasma dots, although very heavily 
infected cultures have been frequently obtained vdthin a period of 
2 weeks. As yet it has been impossible to determine whether there is 
an extracellular proliferation of the microorganisms in the Maitland 
medium but the weight of the evidence is to the contrary. 

Analysts of Data 

In this analysis, reference will be made to diseases of the typhus and 
spotted fever groups. The diseases of the typhus group indude epi- 
demic (dassicd) t}q)hus and endemic (murine) tjqDhus. The diseases 
of the spotted fever group include Rocky Mountain spotted fever, 
Eastern spotted fever, Sao Paulo typhus, Reimann’s Minnesota dis- 
ease, and possibly tick bite fever of South Africa. Our purpose is to 
inquire into the relationship of fievre boutonneuse to these two groups 
of diseases. 

Past experience has proved that in man, typhus fever cannot always 
be difierentiated from spotted fever by clinical observations. How- 
ever, two clinical facts of differential value have been derived from a 
consideration of fievre boutonneuse. First, the disease often has fol- 
lowed the bite of a tick and an initial lesion frequently has formed at 
the site of the tick bite. Second, the cutaneous rash has character- 
istically involved the palms of the hands and the soles of the feet. 

Although the tick may serve as the vector of several diseases, nu- 
merous varieties of the tick harbor the rickettsiae of all established 
diseases of the spotted fever group. The vectors of the tjq)hus fevers 
are the flea and the louse. The problem of apparent vectorial speci- 
ficity was approached by Zinsser and Castaneda (20). They proved 
that the typhus virus remained viable in the tick for as long as 14 da}^s 
but introduced no evidence that the cells of the tick were invaded by 
the typhus rickettsiae or that the disease was transmissible by the 
bite of the tick. 

The local i n fla m mation in the region of the bite of the vector is not 
a general characteristic of the spotted fevers. Tick bite fever of 
South Africa, an assumed variety of spotted fever, often has a local 
lesion. The mite-bome rickettsial diseases usually have a similar but 
more severe reaction at the site of the bite of the vector. The exact 
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relationship between the mite-borne diseases and other rickettsial 
diseases has not been determined. No local cutaneous lesion follows 
the bite of the flea or louse, vectors of the typhus rickettsiae. 

The distribution of the rash over the palms of the hands and the 
soles of the feet is characteristic of the spotted fevers and not of dis- 
eases of the typhus group. 

The results of the Weil-Felix reaction in fievre boutonneuse conform 
with those obtained in all but one disease of the spotted fever group. 
The exception is Sao Paulo typhus. The negative low titre agglutina- 
tion of certain strains of B. proteiis in the presence of serum from 
patients with fievre boutonneuse is in direct contrast to positive high 
titre agglutinations which are typical of the tj^hus fevers. 

The experiments concerned with the effect of convalescent sera on 
the virulence of the rickettsiae of fievre boutonneuse also emphasize 
the absence of an immunologic relationship between fievre bouton- 
neuse and the typhus fevers. 

The clinical aspects of fievre boutonneuse in the guinea pig are 
compatible with those produced by certain strains, either of typhus 
fever or spotted fever. This is not surprising because clinical dif- 
ferentiation of these two groups of diseases in guinea pigs often is 
impossible. 

The histopathology of guinea pigs with fievre boutonneuse is char- 
acterized by small focal necroses, an acute thromboangeitis, and the 
absence of cerebral lesions. The focal necroses and the severe acute 
angeitis with accompanying fibrinous thrombi are always found in 
diseases of the spotted fever group. In the typhus fevers a mild 
angeitis, insufficient to provoke the formation of fibrinous thrombi, 
is a constant finding and no focal necroses are demonstrable. The 
absence of cerebral vascular lesions favors a diagnosis of spotted fever, 
but no major significance is attached to either the presence or absence 
of such lesions. 

The histopathologic study of human tissues is not sufliciently com- 
plete to warrant comment. The perivascular cellular infiltration in 
the subcutaneous tissues in fievre boutonneuse is compatible with 
either the spotted fevers or the typhus fevers. 

The tests for crossed immunity between fievre boutonneuse and 
endemic as well as classical typhus are negative. Except for the 
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results of one investigator, all evidence indicates that there is a positive 
crossed immunity between fievre boutonneuse and at least two diseases 
of the spotted fever group, namely Rocky Mountam spotted fever 
and Sao Paulo typhus. K the tests for crossed immunity had been 
inconclusive, as was true in the instance of Reimann’s strain (7), we 
would have evaluated the evidence obtained by application of the 
other methods and drawn conclusions according^. In dealing with 
the puzzling atypical strains, this method of procedure is necessary, 
and had it been generally used in the past many errors, made especially 
by European investigators, would never have occurred. 

The fact that Rocky Mountain spotted fever vaccine, prepared 
from ticks, does not protect guinea pigs against fievre boutonneuse is 
of great interest. Further investigation of this problem is indicated 
because of its possible bearing on the cause of obvious differences 
which exist among various strains of rickettsiae in the same species. 

The comparison of the morphology of the rickettsiae of fievre 
boutonneuse with other pathogenic rickettsiae leads to definite con- 
clusions. The microorganisms of fievre boutoimeuse characteristically 
occur in pairs. They are usually deeply stained with Giemsa’s fluid 
and are often surroimded by a narrow clear halo. The typical form 
is lanceolate, although coccoid and linear bacillary forms may be foimd. 
There is a relatively great range in size but aU gradations can be traced. 
These characteristics are typical of the rickettsiae of the spotted fevers. 
In contrast, the rickettsiae of the typhus fevers are delicate, linear, 
bacillary microorganisms which stain lightly with Giemsa and have 
only a comparatively small range in size. The common features of 
the rickettsiae of typhus and spotted fever are exemplified by the 
microorganisms of fievre boutonneuse, namely the tendency to occur 
in pairs and to form chains. 

The distribution of the rickettsiae of fievre boutonneuse conforms 
with that of the several established strains of spotted fever. The 
distribution, as described in the guinea pig, in the in vitro cultures of 
infectious tissues, and in the vector differs greatly from that which is 
characteristic of the rickettsiae of the tj^phus fevers. These differ- 
ences in localization are concerned not only with the types of ceUs 
which serve as a satisfactory environment for the specific mfcroor 
gamsm but also, the absolute partition of intraceUular distribution 



618 


SPOTTED FEVER. II 


The rickettsiae of fievre boutonneuse and of the spotted fever group 
of diseases in guinea pigs are found in peritoneal serosal cells, macro- 
phages, endothelial lining cells of blood vessels, smooth muscle cells 
of blood vessels, and in polymorphonuclear leucocytes (in the latter 
cell probably only by virtue of phagocytosis). In guinea pigs the 
rickettsiae of the typhus fevers are restricted to peritoneal serosal 
cells, endothelial cells of blood vessels, and polymorphonuclear leuco- 
cytes. Comparative studies by the method of tissue culture serve to 
emphasize these constant differences. 

The rickettsiae of fievre boutonneuse in the vector may be dis- 
tributed throughout the viscera so as to be demonstrable in almost 
every type of cell. This diffuse parasitization is similar to that de- 
scribed by Wolbach (6) in ticks harboring the rickettsiae of Rocky 
Mountain spotted fever. This distribution is in contrast to the re- 
stricted localization of typhus rickettsiae to the intestinal lining cells 
of the flea or louse. 

In concluding the analysis of data, let us consider the intracellular 
distribution of the rickettsiae of fievre boutonneuse and compare it 
with the findings obtained by the study of several strains of spotted 
fever and t)^hus fever. The pattern of intracytoplasmic distribution 
and the presence or absence of intranuclear localization form the 
major subjects for inquiry. 

The behavior of the rickettsiae of fievre boutonneuse in the cyto- 
plasm of cells is similar to that which is characteristic of the several 
varieties of spotted fever. This generalization applies equally to the 
cells of the vector and the infected guinea pig. The typical pattern 
is one of a random scattering of the microorganisms throughout the 
cytoplasm. When an intracytoplasmic reticulum is visible they usu- 
ally follow its configuration. Occasionally they occur in small com- 
pact clusters. They never multiply within the cytoplasm to such an 
extent as to distend the cellular membrane in the manner which is 
typical of the rickettsiae of the typhus fevers. These characteristics 
become more definite after in vitro cultivation of infectious mammalian 
tissues and the refeeding of parasitized ticks. 

Of greater significance than the intracytoplasmic distribution is the 
presence of rickettsiae within the nuclei of cells. This unique localiza- 
tion is a characteristic of the rickettsiae of the spotted fever group of 
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diseases and is never observed in tj'phus. It is a characteristic which 
is not shared by any microorganisnis in raamnialian tissues, if the so 
called filterable viruses may wholly be excluded from the category of 
intranuclear organisms. Intranuclear rickettsiae may be demon- 
strated in certain cells of the infectious scrotal sac exudate or spleen 
of the guinea pig and in various cells of the arthropod vector. 

Fievre boutonneuse is the first rickettsial disease- in which intra- 
nuclear parasitism of mammalian cells has been demonstrable prior to 
the cultivation of tissues. Reimann’s Minnesota disease (7), Eastern 
spotted fever (7), and Rocky Mountain spotted feveri have required 
the application of tissue culture methods before the localization is 
apparent. 

The assumption that the rickettsiae within the nuclei of cells of the 
arthropod vector are representative of the pathogenic microorganisms 
causing fievre boutonneuse may be severely criticized. The experi- 
ments were not conducted with sufficient foresight to permit a corre- 
lation of infectivity of individual ticks with the presence of intranuclear 
rickettsiae. Also the possibility that the ticks harbored more than 
one t>’pe of pathogenic rickettsiae was not excluded. Finally, intra- 
nuclear rickettsiae were found in only four ticks of the refed group 
and in none of the group not refed. In an attempt to justify om: 
assumption we cite the following facts. 

First, at least one of the fourteen ticks of the refed group contained 
pathogenic rickettsiae as established by the fact that the guinea pig 
upon which they fed acquired an immimity to fievre boutonneuse. 
Second, refeeding is often essential before intranuclear rickettsiae 
may be demonstrated in ticks harboring the rickettsiae of Rocky 
Mountain spotted fever. Third, the diffuse invasion of the viscera 
of the four ticks in which intranuclear forms were found with rickett- 
siae indistinguishable from those in the scrotal sac exudate of guinea 
pigs vdth fievre boutonneuse was prominent. Fourth, intranuclear 
microorganisms may not always be demonstrable, even under ideal 
conditions. Fifth, intranuclear rickettsiae have never been found in 
ticks which harbor exclusively nonpathogenic microorganisms. 

Even though the generalization is made that the rickettsiae of the 

-Hass, G. M., and Pinkerton, H., unpublished escperiments. 
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spotted fevers and fievre boutonneuse inhabit the nuclei of cells in ticks 
which serve as vectors, it would be unjustifiable to draw any conclu- 
sions of differential value by emphasizing the absence of intranuclear 
rickettsiae in the flea and louse which serve as the vectors of the typhus 
fevers. In order to dispense with the obvious errors which might arise 
from such a comparison, it has been expedient to study in tissue cul- 
tures a single type of mammalian cell, susceptible to parasitism by both 
genera of pathogenic rickettsiae. Thus the. interior of this ceU is 
utilized as a common culture medium. The cell so converted to this 
use is a large mesenchymal cell. In this cell the typhus rickettsiae, 
regardless of the variety or virulence, multiply freely in the cytoplasm. 
In this same type of cell under identical conditions, accurately con- 
trolled in vitro, the rickettsiae of several diseases of the spotted fever 
group and of fievre bputonneuse proliferate, not only in the cytoplasm 
but also in the nucleus. The selective localization and typical dis- 
tribution in each instance appear as a fair reproduction of the behavior 
of the rickettsiae in the cells of their respective vectors. Within the 
limits of our present methods of study this represents an external 
manifestation of natural traits and clearly separates the rickettsiae 
of the typhus fevers from those of the spotted fevers. 

DISCUSSION 

Our thesis is that a general solution of any rickettsial disease is to 
be sought at the focus of several methods of approach. These methods 
cannot be upheld as absolute or even sufficient. They have the advan- 
tage of being simple, of being subject to experimental test, and of 
yielding results which upon analysis give data which are moderately 
precise. 

These methods have been applied to the study of many strains of 
rickettsiae. An analysis of the results thus far has given no justifica- 
tion for the recognition of more or less than two genera of pathogenic 
rickettsiae (each genus being composed of a single species), and two 
corresponding groups of rickettsial diseases in man. One genus and 
species {Rickettsiae proivazeki) includes the microorganisms whicli cause 
diseases of the typhus fever group. The other genus and species 
(Dermaccntroxeims rickettsi) is composed of the rickettsiae of the 
various members of the spotted fever group. All evidence indicates 
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that fifevre boutonneuse is a variety of spotted fever and that its etio- 
logic agent belongs to the corresponding genus and species. 

With these gross subdivisions as a foundation, some inquiries into 
the cause of slight variations among the strains of each established 
genus and species (such as the above mentioned immunological differ- 
ences foimd by Parker to exist between the rickettsiae of fievre bouton- 
neuse and Rocky Mountain spotted fever) may be made in an orderly 
manner. Such variations, although of subspecific value, are real, 
and in general have evaded satisfactory explanation. 

CONCLUSIONS 

Several methods for the experimental study of the rickettsial dis- 
eases have been applied to fievre boutonneuse. An analysis of the 
results has indicated that fievre boutonneuse is a variety of spotted 
fever and that the etiologic agent is a rickettsia which belongs to the 
genus Dermaceniroxenus and to the species ricketlsi (Wolbach (6)). 
The distinctive morphology of the organism and its characteristic 
intranuclear clustering in ticks and in tissue cultures are the important 
criteria upon which this conclusion is based. Immunological, histo- 
logical, and cytological observations of a confirmatory nature are 
also reported. 
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EXPLANATION OF PLATES 
Plate 35 

Fig. 1. Photomicrograph of proliferating mesenchymal cells derived from 
scrotal sac exudate which had been cultivated in vitro for 2 weeks. The region 
within the nuclear membrane of one cell is largely occupied by rickettsiae and 
there is a random distribution of the microorganisms tliroughout the cytoplasm 
of all cells. Regaud fixation. Giemsa stain, X 2600. 

Fig. 2. Photomicrograph of cells of scrotal sac exudate which had been culti- 
vated in vitro for 3 weeks. The nucleus of one cell contains a mass of rickettsiae. 
The cytoplasm of the adjacent cell shows the maximum degree of parasitization. 
Regaud fixation. Giemsa stain. X 2800. 

Fig. 3. Photomicrograph of a mesenchymal cell which has grown from the 
margin of explanted scrotal sac exudate, cultivated m vitro for 3 weeks. The 
nucleus of this cell shows the typical central aggregation of rickettsiae and the 
random cytoplasmic distribution. Regaud fixation. Giemsa stain. X 2600. 

Fig. 4. Photomicrograph of a mesenchymal cell interpreted as a macrophage, 
derived from scrotal sac exudate cultivated for 2 weeks in vitro. Note the accu- 
mulation of rickettsiae in the center of the nucleus, the halo around the mass of 
microorganisms, and the isolated coccoid forms in the cytoplasm, Regaud fixa- 
tion. Giemsa stain. X 3300. 


Plate 36 

Fig. 5. Photomicrograph of a segment of a Malpighian tubule of a tick {Rliipi- 
cephalus sanguineus) parasitized with rickettsiae of fievre boutonneuse. One 
nucleus is distended with rickettsiae. There are a few indistinct organisms in 
the cytoplasm of each cell. Regaud fixation. Giemsa stain. X 3400. 

Fig. 6. Photomicrograph of an artery in the polar fat of the testis of a guinea 
pig with fievre boutonneuse. The entire thickness of the vascular wall has been 
involved in the inflammatory reaction and a mural thrombus has formed. Regaud 
fixation. Hematoxylin-eosin stain. X 275. 

Plate 37 

Fig. 7. Camera lucida drawing of the rickettsiae of fievre boutonneuse in the 
endothelial cells of the intima and smooth muscle cells of the media of a venule 
in the polar fat of the testis of a guinea pig. Regaud fixation. Giemsa stain. 
X 2000. 
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Fig. 8 . Camera lucida drawings X 2500. Regaud fixation, Giemsa stain. 

The upper left hand cell shows rickettsiae of fievre boutonneuse in the nuclei 
and cytoplasm. The cell was selected for illustration from scrotal sac exudal 
cultivated in vitro for 2 weeks. This type of localization is typical of diseases < 
the spotted fever group. 

The upper right hand figure shows rickettsiae of endemic typhus in the cyt< 
plasm of a cell at the proliferating margin of scrotal sac exudate cultivated i 
vitro for 2 weeks. The localization and degree of intracellular growth are charat 
teristic of diseases of the typhus group. 

The lower left hand figure is a drawing of a cell from the hypoderm of a tid 
[RJiipicephahis sanguineus) harboring rickettsiae of fievre boutonneuse. Noi 
the intranuclear and intrac 3 rtoplasmic parasitism. 

The lower right hand cell is from the lining of the gut of a louse infected wif 
rickettsiae of European typhus. The same type of localization of rickettsiae 
foimd in fleas infected with typhus. 

Compare the patterns of intracellular parasitism. Note that the rickettsij 
of fievre boutonneuse exhibit characteristics which distinguish them from tho: 
of typhus fever and which ally them dosely with those of the spotted fevers. 
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STUDIES ON THE SENSITIZATION OF ANIMALS WITH 
SIMPLE CHEMICAL COMPOUNDS. H 

By K. LANDSTEINER, M.D., A^^) JOHN JACOBS, M.D. 

{From the Laboratories of The Rockefeller Itisiitutefor Medical Research) 
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In an earlier paper (1) experiments were described in which, with 
the use of a suitable method, sensitization effects were produced by 
numerous simple compounds with satisfactory regularity. The work 
has been continued and also extended to include a number of sub- 
stances not studied hitherto.^ 

Uriishiol and Related Substances , — ^Unishiol is a substance contained 
in Japanese lacquer from Rhus verniciferar which, like poison ivy, 
RJius toxicodendron, produces intense dermatitis in a certain percentage 
of individuals. 

The chemical identity of the effective substance in RItus toxicodendron has 
been the subject of controversy, various substances having been held responsible. 
Acree and Syme (2) believed it to be a complex glycoside, and by others the active 
principle has loosely been described as an oleoresin. But a series of studies 
carried out by Majima (3), on the chief constituent of Rhus vernicifera, led him 
to the isolation of urushiol, a pale yellow viscous oil boiling at 200-2 10®C. at 
0.4r-0.6 mm., soluble in alcohol and petrol ether, winch he showed to be chiefly 
o-dihydroxybenzene with a straight, unsaturated fatty chain, of the formula 


OH 



According to Majima his preparation was not homogeneous but contained sub- 
stances differing in the number and position of double bonds in the side chain 
and also hydrounishiol. Urushiol was found by Toyama (4) and Majima (3) to 


^The statement about negative results with quinine may need correction 
because one apparenUy positive and some questionable results have since hepn 
obtained in treated animals. 


- We wish to express our thanks to the Mitsui Co. for their kind 
in furnishing a supply of Japanese lacquer. 
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be the substance responsible for the injurious effects in human beings. In 
agreement with these findings McNair (5) reported that the toxic substance in 
poison oak, Rhus diversiloba, is probably an unsaturated ortho-dihydroxybenzene 
derivative, and later Hill and his coworkers (6) identified the active agent of 
poison ivy with that in Japanese lacquer, namely urushiol. 

Sensitization of guinea pigs to poison ivy extracts, but not to the 
isolated active substance has been described by Rackemann and 
Simon (7), Dienes (8), and Simon (9). Therefore, the following ex- 
periments were made on guinea pigs with urushiol and related com- 
pounds. 

One drop of a 3.0 per cent acetone solution of distilled urushiol was spread 
on the back (the hair having been clipped) with a glass rod, twice a week for 
2 weeks, and tests were made after an interval of 3 weeks by gently spreading one 
drop of a 0.3 per cent acetone solution of urushiol on the flank; the reactions 
were recorded after application of a depilatory. 


Distinct, pinkish reactions appeared at the sites of application by 
the next morning. On cross testing these animals and guinea pigs 
similarly sensitized to poison ivy extract, positive reactions were 
observed. 

In order to study the influence of variations in molecular structure 
on sensitizations with this sort of substance, a related compound, 
geranyl catechol. 


OH 



CHj— CHs— CH=C— 


CHa, 


CHs 


CHs 


was synthesized according to the method of Kawai (10), and animals 
were sensitized as with urushiol excepting that an 0.8 per cent solution 
in acetone was used for testing. Some of the animals showed hj’per- 
sensitiveness. In cross tests between geranyl cathechol and urushiol 
overlapping reactions were observed when animals treated with 
urushiol were tested with geran}”-! catechol. 

With another compound, 4-tetradecyl catechol, prepared from 
myristic acid and catechol (11), some evidence of sensitization, 
although slight, was obtained in a limited number of guinea pigs, and ’ 
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a few animals sensitized to urushiol gave faint reactions when treated 
with a 2.0 per cent solution of this compound in olive oil. 

The biological activity of urushiol may well be connected with its oxidizability; 
observations by Hill (6) and Toyama (4) would tend to show that methylation 
of the hydroxyl groups greatly diminishes activity, and hydrogenation of the 
double bonds in the side chain considerably reduces it, according to the latter 
author; Hill found only a slight diminution.® 

Methyl Heptine Carhonate s C.CO 2 CH 3 . — Another 

product examined was a commercial preparation, methyl heptine 


TABLE I* 

Application of a 20 Per Cent Solution in Alcohol of Methyl Heptine Carbonate on 

the Skin 


No. 

Animals sensitized to 
nactbyl htptint carbonate 

No. 

Controls 

1 

p., m.el. 

7 

a.neg. 

2 

d.p., sl.el. 

8 

a.neg. 

3 

p., sl.el. 

9 

f.-p.p. 

4 

p.p.-p., sl.el. 



5 

p., sl.el. 



6 

p., sl.el. 

1 



* Here and in subsequent tables the following abbreviations are used: almost 
colorless (a.cls.), faintly pink (f.p.), pale pink (p.p.), pink (p.), and dark pink 
(d.p.). Other designations are: negative (neg.), almost negative (a.neg.), slightly 
elevated (si. el.), elevated (el.), markedly elevated (m.el.), slightly swollen 
(sLswol.), and swollen (swol.), livid center (liv.c.), necrosis (necr.). 

carbonate, which was investigated because several cases have been 
described (12, 13) of hypersensitiveness to this substance in human 
beings when cosmetics were used.'* The substance seemed of interest 
because it is an aliphatic compound, containing no aromatic rings. 

Ten intracutaneous injections of 1/20 mg. in 0.05 cc. olive oU on the back at 
weekly intervals, were followed by 2 weeks of rest, and the animals were tested 
by gendy spreading 1 drop of a 20 per cent alcohoUc soluUon of the substance on 


® Concerning the toxicity of other catechol derivatives see Toyama f41 
^ A preliminary report has appeared (14). ^ ^ 
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It may be seen in Table I that, although controls were negative, or, 
in a few cases, faintly pinkish, many treated animals gave frankly 
pink, raised lesions, indubitable evidence of sensitization, which was 
confirmed by a number of specificity tests. 


TABLE II 


Substance 

K* 

Reac- 

tion 

with 

aniline 

Sensiti* 

zation 

1j 2:4 Chlorodinitrobenzene 

0.110 (0“); 3.26 (15°, eth.) 
1.89 (15°, eth.) 

0.455 (15°, eth.) 

686.0 (15°) 

0.0248 (0°) 

1.20 (0°) 

Very greatf (0°) 

Reaction irregular^ 
0.00000297 (0°) 

0.0000183 (0°) 

0.000000987 (0°) 

0.00019 (175°) 

Very small§ (0°) 

Very small§ (0°) 

Very small (175°) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

pos. 

(t 

1:2:4 Bromodinitrobenzene 

1:2:4 lododinitrobenzene 

it 

1:2:4 Fluorodinitrobenzene I 

it 

1 : 4: 2 : 6 Dichlorodinitrobenzene 

(( 

1 : 3 : 4 : 6 Dichlorodinitrobenzene 

a 

1:2:4:6 Chloro trinitrobenzene 

it 

1:3:5 Dichloronitrobenzene 

neg. 

it 

1:4:2 Dichloronitrobenzene 


1:2:4 Dichloronitrobenzene 


it 

^>-Chloronitrobenzene 


it 

^-Dichlorobenzene i 


a 

1:2:4 Trichlorobenzene ' 

BIB 

it 

1:2:4:5 Tetrachlorobenzene I 

BM 

it 


BH 

it 

Hexachlorobenzene j 

■B 



* Constants for the velocity of decomposition of the substances by sodium 
methylate, or sodium ethylate (eth.) at the temperature indicated. The figures 
are taken from papers from the Laboratory of Organic Chemistry of the Uni- 
versity in Amsterdam (Rec. trav. chivi. Pay-bas, 1890-1924, Vols. 9 to 43), mostly 
by Holleman and coworkers. 

t Velocity too great to be measured. 
i Formation of azoxy compounds. 

§ Value found by the authors to be very small, less than or of the same order as 
that for 1 ;2 •.4 dichloronitrobenzene. 

On repeating the tests, it was found that different samples of the 
commercial substance showed distinct gradations in activity. It is 
therefore possible that the effect is due, not to methyl heptine car- 
bonate itself, but to some impurity. In fact, on account of the 
method of preparation, one may assume that it is not very easy to 
obtain the substance in a condition of absolute purity. (The prepara- 
tions used did not contain nitrogen.) 
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1. The substances known to possess labile halogen (Table II) were dissolved 
in absolute alcohol and aniline (5 mols) added. The mixtures were heated in 
sealed tubes in the steam bath for 2 hours and tlie quantity of liberated halogen 
determined. In column 3 of Table II the symbol + designates almost complete 
liberation of halogen (more than 90 per cent) and the symbol — indicates that 
no or very little (less than 5 per cent) halogen was replaced. 

2. Five millimols of the substances appearing in Table III were dissolved in 
10 cc. of absolute alcohol and 15 millimols of aniline added. The mixtures were 
heated in sealed tubes in the steam bath for IS hours, evaporated to dryness, 
washed with a little absolute alcohol, and recrystallized twice from the same 
solvent. (The same results were obtained on heating mixtures set up as in (1) 
for 2 hours). Column 3 of Table III summarizes the experiments, + being used 
to indicate the formation of a substitution compound, and — for addition com- 
pound formation. 

Now it was found that 1:2:4 trinitrobenzene, 1:2; 4:5 and 1:3:2: 5 
dichlorodinitrobenzene gave substitution compounds with aniline 
whereas this was not the case with 1:3:5 trinitrobenzene and v:- 
dinitrobenzene. 

The compound formed on treating 1:2:4 trinitrobenzene 'with aniline has been 
described by Hepp (15); from 1:2:4: 5 dichlorodinitrobenzene we obtained an 
orange colored substance melting at 94-95°C., N calculated 9.89 per cent (for 
C 12 H 8 O 2 N 2 CI 2 ), found 9.83 per cent; from 1:3:2:5 dichlorodinitrobenzene a 
compound melting at 114-115°C., N calculated 9.89 per cent (for C 12 H 8 O 2 N 2 CI 2 ), 
found 9.71 per cent. 1:3:5 trinitrobenzene forms a highly colored addition com- 
pound (15) which gives off aniline readily when exposed to air; jw-dinitrobenzene 
also forms an addition compound (16), and in both cases the original nitro 
compound was readily recovered unchanged. 

Of the substances given in Table II those which sensitized, formed 
substitution compounds; in all these cases 90-100 per cent of the 
theoretical amount of halogen was liberated. The nonsensitizing 
substances treated in the same way gave off no or but little chlorine. 

The difference in sensitizing activity of 1:2:4 trinitrobenzene 
(active) and 1:3:5 trinitrobenzene (inactive) mentioned before, but 
without details, was reinvestigated with a larger number of animals, 
since it seemed to be particularly striking on account of the structural 
similarity of the two compounds, different only in the position of the 
NO- groups. Parallel experiments with the two compounds were 
carried out as given below. 
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In both cases, a batch of -white guinea pigs -n^as injected -with 1/400 
mg. (0.1 cc. of a solution made by adding 0.5 cc. of a 0.3 per cent al- 
coholic solution to 60 cc. saline) intracutaneously, on the back, at 
•weekly intervals for 10 weeks and after 2 weeks of rest the animals 
were tested by gently spreading 1 drop of a 1 per cent olive oil solu- 
tion, or by an injection similar to those used for sensitization, on the 
flank. The first mode of application, namely to the surface of the 
skin, gave the most striking effects, the controls being, as a rule, com- 


TABLE IV 


Treated and 
tested vrith 

Treated animals 

Controls 

No. 

Application 
of a 1 percent 
solution in 
olive oil on 
the skin 

Intracutaneous injection 
of 1/400 mg. in 0.1 cc. 
saline 

No. 

Application 
of a 1 per cent 
solution in 
olive oil on 
the skin 

IntracuUneous 
injection of 
1/400 mg. in 0.1 
cc. saline 

1:2:4 Trini- 

II 

f.p. 

8,*p.p.,el. 

21 

neg. 

neg. 

txobenzene 

B t 

p., el. 

10, f.p., el., liv.c. 3 

22 

cc 

5, p.p., el. 


B 1 

f.p. 

9, p.p., el. 

23 

cc 

neg. 



P.P. 

8, p., el. 

24 

cc 

a.neg. 


14 

p., sl.el. 

9, p.p., el. 




1:3:5 Trini- 

15 

Beg. 

neg. 

25 

a.neg. 

neg. 

trobenzene 

16 

cc 

CC 

26 

neg. 

a.neg. 


17 

cc 

CC 

27 

cc 

a.neg. 


18 

cc 

cc 

28 

a.neg. 

neg. 


19 

Cl 

1C 





IE 

1 

a. neg. 





* The figures give diameters of the lesions in millimeters. 


pletely negative. The results show that the 1:2:4 substituted com- 
pound is an active sensitizing agent, producing lesions similar to 
those obtained -with 2:4 dinitrochlorobenzene (1), while the sym- 
metrical compound proved to be entirely inactive (Table IV). 

The above comparison of the substances demonstrates a parallelism 
in the compounds examined so far, between sensitizing capacity and 
chemical beha-\dor. In most cases a correspondence was e-vinced 
between lability of Cl and NOs, when treated with alkaU, and sensi- 
tizing effects; and m all cases tested there was agreement between 
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ability to sensitize and formation of substitution compounds with an 
organic base. It seems reasonable to assume that in the animal a 
reaction takes place by which the substances are converted into anti- 
gens. How and with what substances, proteins or others, a combina- 
tion of the active compounds occurs, remains to be ascertained. For 
some of the sensitizers dealt with herein, compounds with amino acids 
or peptides have been reported (17, 18); also with thiols (19, 20) and 
phenols (21). 


TABLE V 

Application of One Drop Each of a 2.0 Per Cent Solution of 1:2:4 Trinitrobenzene 
and 1.0 Per Cent of 2:4 Dinilrochlorobcnzcnc m Olive Oil on the Skin 

I I Tested with 


Treated with 


No. 


NOi 


Cl 



29 

30 

31 

32 




NOj 




NOj 


Pm el. 
f.p. 
p., el. 


p., el. 
f.p. 
p., cl. 
p.p.-p., el. 


Cl 

/\ 


iNOs 


V' 

NO; 


33 

34 

35 

36 


f.p. 
p., el. 
p., el. 
p.p., cl, 


f.p. 
p., el. 
p., el. 
p., el. 


Controls 


37 

38 

39 


neg. 

it 

tt 


neg, 

(t 

ti 


In keeping with the foregoing was the fact that the two substances 
2:4 dinitrochlorobenzene and 1:2:4 trinitrobenzene gave overlapping 
reactions, as has already been noted (1); in fact, they were practically 
interchangeable, a result to be expected inasmuch as both compounds 
will, after removal of Cl or NO 2 , respectively, yield the same conjugate 
(Table V). 
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Various vfays to sensitize intracutaneously with 2:4 dinitrochlorobenzene' 
have been tested simultaneously in batches of 5 animak each: 16 injections, 2 a 
week (the poorest, perhaps by chance); 16 daily injections; 8 weekly injections, 
and 8 injections, 2 each week; all of 1/400 mg.; ako 16 rubbings, 2 a week, of a 
1 per cent olive oil solution. The animak were tested 2 weeks in this experiment, 
after the last injection, before testing by application of a 1 per cent ohve oil 
solution. All of the above treatments resulted in distinct sensitization although 
8 weekly injections seemed to be somewhat the superior method, by a slight 
margin. At another time a very satkfactory effect was seen after 8 daily injec- 
tions; the animak were tested after an interval of 25 days. 


The striking superiority of cutaneous sensitization, already men- 
tioned in our recent paper, had previously been emphasized by Stilz- 
berger (23) who also reported observations on variations in efficiency 
of intracutaneous and other methods of administration, in ordinary 
anaphylaxis. Attempts to sensitize guinea pigs intravenously or 
subcutaneously to 2:4 dinitrochlorobenzene were almost ineffective 
in three ejqjeriments. However, since one experiment gave doubtful 
results, possibly due to faulty technique, further confirmation would 
be desirable. 

Benzyl Chlorides . — ^From the point of view suggested, it should be 
possible to find substances producing sensitization merely on the basis 
of their chemical properties. Consequently, it appeared promising 
to examine benzyl and acyl chlorides, containing easily detachable 
chlorine, although these substances have not yet been reported as 
sensitizing agents in human beings. 

The experiments on benzyl chlorides were in general similar in their 
outcome to those observed with the substances already discussed. 
Marked results were obtained with o-chlorobenzyl chloride and 2:4 
dinitrobenzyl chloride, and positive effects were noted likewise with 
/(-chlorobenzyl chloride, benzjd chloride, and ^-nitrobenzyl chloride. 


The solutions for injection were prepared as above. In each case 1/100 mg 
was injected twice a week for 12 weeks, followed by 2 weeks of rest. Teste 
were made with the solution used for sensitization, or olive oil solutions a 20 
per cent solution being used for o-chlorobenzyl chloride, and a 1.0 per cent solu- 
tion for 2:4 dimtrobenzyl chloride. The results with these two substances are 
summarized in Table W. =uusuiuces are 
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When 2:4 dinitrochlorobenzene was compared with 2:4 dinitro- 
benzyl chloride a distinct difference was noted although cross reactions 
were observed; 2:4 dinitrochlorobenzene was different from o-chloro- 
benzyl chloride (Table VII). The two benzyl chlorides, on the other 
hand — 2:4 dinitrobenzyl chloride and o-chlorobenzyl chloride — 
interacted. 


TABLE VI 

Application of a I Per Cent Solution of 3:4 Dinitrobenzyl Chloride in Olive Oil 

on the Skin 


No. 

Animals sensitized to 2:4 
dinitrobenzyl chloride 

No. 

! Controls 

40 

P- 

56 

ncg. 

41 

p.p* 

57 

t( 

42 

d.p. 

58 


43 

d.p. 

59 

<( 

44 

P.P.-P. 

60 

tf 

45 

P.P. 

61 

f.p.-p.p. 

46 

P.P. 

1 

1 


47 

1 P‘P- 

1 

I 


Application of a 20 Per Cent Solution of o-Chlorohcnzyl Chloride in Olive Oil on the 


Skin 


No. 

Animals sensitized to 
<?-chlorobcn 2 yl chloride 

No. 

Controls 

48 

p.p., sLel. 

62 

ncg. 

49 

p., sl.el. 

63 


50 

d.p., el. 

64 

a.neg. 

51 

p., si. el. 

65 

a.neg. 

52 

p.p. 

66 i 

a.neg. 

53 

p., si. el. 

i 


54 

p.p.-p., el. 



55 

p., el. 




Acyl Chlorides . — ^In experiments made on a small scale, indications 
of sensitization were obtained with some acyl chlorides, such as benzoyl 
chloride, /)-bromobenzenesulfonyl chloride, w-nitrobenzenesulfonyl 
chloride, and 2-nitrotoluene-4-sulfonyl chloride. 

One of the acyl chlorides, ;^-chlorobenzoyl chloride, which exhibited 
unusually strong reactions, well developed after 24 hours, after the 
third or fourth injection of 1/80-1/100 mg. in olive oil solution, with 
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edema and pinkness over an area several centimeters in diameter and 
central necrosis, was investigated more extensively. 

In such an experiment four weekly injections of 1/100 mg. />-chloro- 
‘ benzoyl chloride in 0.05 cc. olive oil were given intracutaneously on the 
back, when necrotic lesions began to develop following new injections. 
The guinea pigs were then rested for 2 weeks and tested by spreading 


TABLE vn 

Conibined Table. Application of One Drop of an Olive Oil Solution on the Skin 


Treated with 



NOj 



NOi 



Xo. 


67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 




NOj 


f.p. 
p., el. 
p., el. 
p., el. 
p.,el. 

P- 

neg. 

p.p.-p. 

f.p. 

a.neg. 

neg. 


Treated with 



neg. 

(( 

<{ 

Lp. 

neg. 

p., si.el. 
p., si.el. 
P. 

P- 

P- 

f.p. 

p.p. 

f.“p.p. 

f.p. 

p.p. 



neg. 


P- 

f.~p.p. 

p.p. 

£.-p.p. 

f.p. 

P- 

P- 

P-i el. 

P- 

P- 


1 drop of a 10 per cent olive oil solution on the flank with a glass rod 
or bj"^ an injection like those used for sensitization. In the surface 
applications, areas in contact ndth the olive oil solution developed 
pinkish to pink sHn reactions of the usual appearance (Table Vm) 
Follonang injections with oil solutions the sensitized guinea ni^ 
stowed lestos sMlsr to those observed during the treatment (TabU 
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TABLE Vni 


No. 

Skin reactions in 
sensitized animals after 
application of 10 per 
cent ^-chlorobenzo^l 
chloride in olive oil 

Amount 

injected 

Intravenous injection of ^-chlorobcnzoylatcd 
guinea pig scrum 



mg. 


82 

p.p. 

10 

Typical anaphylaxis f 0 min. 

83 

p.p.“p. 

5 

« » j 5 « 

84 

p., sl.el. 

2 

<1 II j 5 II 

85 

p., el. 

2 

<( .. 1 5 I. 

86 

P- 

2 

tt f 7 

87 

p., sl.ei. 

1 

" “ t 15 " 

88 

p.p. 

1 

“ “ t 2 “ 

89 ! 

p.p., el. 

1/4 

“ “ t 6 “ 

90 

p.p. 

1/10 

Coughs, eyes running; recovered 


Controls 


Controls 

91 

neg. 


No symptoms 

92 

<c 


If <1 

93 

tt 


tt It 

94 

t< 

2 

tt ft 

95 

tt 

1 

If 'll 

96 

It 

1/4 

If If 

97 

tt 


If Cl 


t Death of animal. 


TABLE IX 


Intraculancoics Injection of 1/80 Mg. p-Chlorohenzoyl Chloride in 0.05 Cc. Olive Oil 


No. 

Animals sensitized to />-chlorobcnzoyl 
chloride 

No. 

Controls 

98 

35,* p., swoL, necr. 6 

■■ 

9, 

a.cls., m.el. 

99 

25, p.p.-p., swoL, necr. 7 


11. 

p.p., el. 

100 

40, p.p.~p., sl.swol., necr. 7 

108 

8, 

p.p., m.el. 

101 

40, p.p.-p., sl.swol,, necr. 9 

109 

10, 

p.p., m.el. 

102 

45, p.p., swol. 

110 

9, 

p.p., el. 

103 

40, p.p.-p., sl.swol., necr. 8 




104 

40, p.p.-p., sL swol., necr. 8 




105 

40, p.p.-p., sl.swol., necr. 6 





* The figures give diameters of the lesions in millimeters. 


Animals sensitized to u-chlorobenzyl chloride were rather sharply distin- 
guishable in their reactions from those treated with /^-chlorobenzoyl chloride. 
A cross test with animals sensitized one each to the following substances i 
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f-bromobenzenesulfonyl chloride, tri-nitrobenzenesulfonyl chloride, /.-chlorobenzyl 
chloride, and benzyl chloride showed a marked degree of specificity except for 
cross reactions between the two suKonyl chlorides. 

Thus, while in discussions of the subject one encounters the opinion 
that there is no connection between the ability of substances to sensi- 
tize and their chemical nature, it appears from the foregoing that whole 
groups of substances — ^benz^d chlorides, acjd chlorides — characterized 
by a certain chemical reactivity, have the capacity to produce sensiti- 
zation.® 

With acyl chlorides there was the possibility of preparing protein 
compounds containing the acjd radicals and it was clearly of interest 
to investigate the effects of such conjugates in animals sensitized with 
the chlorides. This was done in the case of ^-chlorobenzoyl chloride. 

To 30 cc. of guinea pig serum (or horse serum) Tvas added 15 cc. normal so- 
dium carbonate solution and 1 millimol of ^-chlorobenaoyl chloride in 5 cc. 
chloroform. The mixture was shaken vigorously for 10 minutes, centrifuged, 
the water layer acidified to maximum precipitation, centrifuged, and washed 
several times. The substance was redissolved in saline solution with alkali, 
neutralized, and made up to a 2 per cent solution. 

When small quantities of the protein preparation were injected in- 
travenously into guinea pigs sensitized to ^-chlorobenzoyl chloride 
and showing positive skin reactions, a month after the tests, it 
was fotmd that they died in acute, typical anaphylactic shock, as 
shown in Table YJH. 

Injected into the skin, the acylated protein produces an immediate 
flare and wheal, followed, in stronger concentrations, by large pinkish 
edematous reactions on the next day. 

The anaphylactic experiment described resembles to some extent 
the production of an anaphylactic state by injections of diazonium 
compounds (25) with the distinction, however, that in the latter case 
no skin reactions were observed of the type of ^^contact dermatitis” as 
is seen with the acjd chlorides. 

This result, together with the before mentioned skin reactions with 
the substance, indicate that the two forms of hj'persensitiveness 
observed m this case, sensitization of the skin and anaphylaxis, are 

' In this regard reference may be made also to the work of Mayer ( 24 ). 
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intimately associated states. Thus there may be produced in an 
animal by one and the same treatment an allergic state with the 
following manifestations: pink, sometimes elevated eruptions on the 
treated site resulting from superficial skin applications of the simple 
substance; large, pinkish, edematous lesions following its intracuta- 
neous injection in small quantities; an immediately noticeable flare 
and swelling, developing into rather large lesions within a day, 
and typical anaphylaxis, on intracutaneous and intravenous injec- 
tion, respectively, of the protein compound. 

Benzoyl chloride behaved, in all respects, much like ^-chlorobenzoyl 
chloride. 

Further evidence relating to anaphylaxis induced by chemicals was 
afforded by experiments with arsphenamine, to be reported later, in 
which typical anaphylactic shock was produced in a high proportion 
of the guinea pigs treated. 

The chemical experiments were carried out with the assistance of 
Mr. Robert A. Harte. 


SUMMARY 

In continuation of previous work sensitization experiments have 
been made with various substances such as urushiol, benzyl chlorides, 
and acyl chlorides. In the case of a series of substituted benzenes 
(Cl, NO2) a connection between sensitizing capacity and lability of the 
Cl or NO2 groups has been shown, indicating the formation of con- 
jugated antigens in the animal. This led to the study of benzyl and 
acyl chlorides which, actually, were found to have sensitizing capacity. 
Most informative as to the relationship between reactions of the skin 
surface and anaphylaxis were experiments with acyl chlorides. Guinea 
pigs sensitized with ;f-chlorobenzoyl chloride showed, on the one hand, 
the usual surface lesions after application of the substance, and on the 
other typical anaphylactic shock following intravenous injection of a 
compound of ^-chlorobenzoyl chloride and guinea pig serum; from 
which it may be inferred that the two types of allergic manifestation 
are closely related conditions. 
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At the present time the most vridely accepted view concerning the 
mechanism of hypersensitiveness is that symptoms occur when antigen 
combines with fixed but not with circulating antibody, and that an 
excess of circulating antibody reduces the hypersensitive response of 
the sensitized animal by preventing access of antigen to sensitized 
tissues, or by causing it to reach the cells so slowly and gradually that 
no explosive reaction occurs. 

The most direct evidence supporting such a view may be found in the work of 
Weil (1) who injected additional antibody into the circulation of guinea pigs al- 
ready passively sensitized, and then tested the animals with antigen. He re- 
ported that such animals are actually protected against several lethal doses of 
antigen. Analogous observations have been made more recently by Dale and 
Kellaway (2) who found that the uterus of a sensitized guinea pig suspended in a 
bath to which antibody has been added will not contract when antigen is intro- * 
duced, presumably because the latter is intercepted by the antibody in solution 
as it is intercepted in the living animal by circulating antibody before it can reach 
the sensitized cells. On the other hand, the work of Friedberger (3) indicated 
that such protection as was occasionally noted following the introduction of addi- 
tional immune serum into sensitized animals was very slight and was not due 
directly to the antibody content of the antiserum but rather to traces of antigen 
remaining in it. Similarly, the work of von Fennyvessy and Freund (4) failed to 
offer any evidence of the protective effect of an excess of circulating antibody 
against anaphylactic shock. 

Notwithstanding this meager amount of confirming evidence to support Weil’s 
concept of the role of circulating antibody in anaphylaxis, his contributions have 

♦To Dr. J. J. Bronfenbrenner, who suggested these investigations, we are 
indebted for assistance, adNnce, and interest throughout the course of tiffs study 
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been largely responsible for the view that anaphylaxis is a purely cellular reaction, 
and that resistance to shock in a sensitized animal depends upon the presence of 
humoral antibodies. By analogy, Weil (5) applied this same concept to e.xplain 
the mechanism of resistance to infection, also. Because of the confusion arising 
from such a view, the precise relation of the states of anapliylaxis, antianaphylaxis, 
and immunity to each other and to antibody balance is still somewhat unsettled. 
Before attempting to determine the relation of these various states to each other, 
it seemed essential to reinvestigate the r61e of circulating antibody in the hyper- 
sensitive animal. 


Method 

Guinea pigs of a uniform weight were passively sensitized by intraperitoneal 
injection of 0.5 cc. of rabbit antiserum. Following an incubation period of approx- 
imately 24 hours, the sensitized animals were divided into three groups. In the 
first, the lethal dose of antigen was determined by intravenous injection. In the 
second group of animals, an excess of antibody was given intravenously 20 to 60 
minutes preceding the intravenous injection of antigen; while in the last group, 
which served as a control, rabbit or guinea pig serum containing none of the 
specific antibody was introduced intravenously prior to injection of antigen. All 
intravenous injections were made by way of the jugular vein. 

The antigens used for producing the antisera in rabbits were: (a) crj'stalline 
egg albumin; (6) horse serum; and (c) heat-killed virulent Friedlander’s baciUus 
Type B. The same antigens were used for demonstrating hypersensitiveness in 
passively sensitized guinea pigs, with the exception that the type-specific poly- 
saccharide of Friedlander’s bacillus prepared according to the method of Heidel- 
berger, Goebel, and Avery (6) was used to induce shock, instead of bacteria 
themselves. 

The antisera used were: (a) pooled anti-crystalline egg albumin rabbit serum 
with a precipitin titer of 1:700,000; (b) pooled anti-horse rabbit serum with a 
precipitin titer of 1:10,000-1:20,000; (c) pooled anti-Friedlander rabbit serum 
which agglutinated Friedlander’s bacillus in a dilution of 1:20-1:40. The un- 
diluted antiserum precipitated the specific carbohydrate diluted 1 : 1,000,000. 

EJ'ect of Excess of Antibody on Hypersensitiveness to Egg Albumin 

In order to determine whether protection against anaphylaxis is 
readily demonstrable when excess of antibody is present in the circula- 
tion, preliminary experiments were undertaken using the egg albumin 
anti-egg albumin system. In experiments made for orientation, such 
protection was not easily demonstrated. On the contrary, as may be 
seen from Table I, animals having an excess of circulating antibody 
appeared to exhibit an enhanced sensitivity as shown by the fact 
that they succumbed with symptoms of typical anaphylaxis upon 
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injection of less than 1 m.l.d. of antigen. These results suggest that 
excess of circulating antibody, far from protecting against the shock, 
may actually increase the susceptibility of the animals.^ 

Unfortunately both the antialbumin and anti-horse sera were found 
to be toxic when introduced intravenously into the guinea pigs, so 


TABLE I 

The Efecl of Excess of Circulating Antibody upon the Anaphylactic Response of 
Guinea Pigs Passively Sensitized with Anti-Egg Albtcmin Rabbit Scrum 


Guinea 

pi5 

Weight 

Anti- 

egg 

rabbit 

scnim 

(i.P.) 

Inter- 

val 

Addi- 

tional 

anti-egg 

rabbit 

sennn 

(i.v.) 

Rabbit 

scnim 

(anti- 

horse) 

(control) 

li.v.) 

Inter- 

val 

Egg, 

albumin 

antigen 

(1 V.) 

Xo. of 
M.L.O. 
of 

antigen 

SjTTiptoins 

Result 


sm. 

cc. 

hrs. 

cc. 

cc. 


cc. 




8-35 

190 

0.5 

24 




0.1 

1 

++++* 

D* 

8-42 

175 

(C 

(C 





1 


D 

8-40 

190 

cc 

<( 




0.05 

1/2 

+++. 

S 

8-45 ! 

1 

205 ! 

U 1 

« I 

1.5 


55 

SI 

1/2 

++++ 

D 

8-44 

205 

cc 

« 

1.5 


20 


1/4 

++++ 

D 

8-43 

212 

tc 

it 

1.5 


20 ! 

0.0125 

1/8 ! 

+"! — 1 — h 

D 

8-48 

180 

it 

ft 

1.5 


20 

0.00625 

1/16 

— 

S 

6-54 

195 

cc 

ft 


1.0 

20 


1/2 

++++ 

D 

4-00 

187 

« 

ti 


1.0 

20 

|0.025 

1/4 

— 

S 


* In this as well as in all subsequent tables, the symbols have the following 
meanings: 


+ + + intense s>Tnptoms; immediate death- 
intense symptoms; survived. 

-f-f, moderate but definite symptoms. 

-f, ver>' mild S3"mptoms. 

— , no symptoms. 

S, survival. 

D, anaphylactic death. 

that all of the animals died an hour or more after intravenous injection 
of these antisera. tWe these toxic reactions could not be confused 
mth the immediate and t}'pical reactions characteristic of anaphylaxis 
they were, nevertheless, a disturbing element in the interpretation of 

* It must be noted, however, that one of two controls tested with less than 1 
M.L.D. of antigen also died. 
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TABLE II 


The EJfecl of Excess of Circulating Antibody upon the Anaphylactic Response of 
Guinea Pigs Passively Sensitized with Anti-Friedldndcr Type B Rabbit Serum 1 




it 














c ^ 

a 

*o 




Xi 

M 

n 

u 





'gS 



P 


Fricdllindcr 

*o 





22 



5 H 

u o 


Type B specific 

Q 



to 

’E 




'3^1 

fit M >■* 

O V 

to^— 


carbohydrate 

(i.v.) 
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results. Because of this serum toxicity, too, the number of animals 
surviving for the final test was so small that the only conclusion drawn 
was that excess of circulating antibody does not appear to exert a 
protective effect. 

Effect of Excess of -Antibody on Hypersensitiveness to Friedldnder^s 

Bacillus Type B 

With the hope of eliminating the difficulties attendant upon the use of toxic 
antisera, another series of experiments was undertaken in which anti-Friedl^der 
Type B rabbit serum and the corresponding haptene were employed. This anti- 
serum proved to be nontoxic when injected intravenously. As may be seen from 
Table 11, 0.4 cc. of a 1:10,000 dilution of carbohydrate appears to represent 
1 M.LJ). of antigen for guinea pigs passively sensitized with 0.5 cc. of this anti- 
serum. From the table it appears that a slight degree of protection may be af- 
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forded occasionally merely by preliminary introduction of foreign serum^ (contain- 
ing none of the specific antibody) as is shown by the fact that one sensitized guinea 
pig injected with anti-horse serum as control 20 minutes before inoculation of the 
specific carbohydrate survived 5 m.l.d. of antigen. It is also evident from the 
table that additional specific antibod}’’ introduced intravenously into similarly 
sensitized animals 20 minutes before the antigen has no very appreciable effect 
either in enhancing sensitivity or in affording any significant protection. 

While it seemed evident from this and the preceding experiment that 
excess of antibody in the circulation affords no protection against 
anaphylaxis, it still remained undetermined whether circulating anti- 
body enhances sensitivity as suggested by the first experiment (Table 
I). That such an increase in sensitivity actually does occur became 
clear from the experiments which follow. 

Effect of Excess of Antibody on Hypersensitiveness to Horse Serum 

In this set of experiments, the horse-anti-horse system was used, 
two lots of rabbit anti-horse serum being available. The first anti- 
serum tested proved to be toxic when injected intravenously, but suffi- 
cient data were obtained from experiments with this antiserum to 
illustrate several important points concerning the effect of an excess 
of antibody on passive hypersensitiveness to horse serum. These 
results were controlled by intravenous inoculation of some of the 
passively sensitized animals with normal guinea pig, normal rabbit, or 
antialbumin instead of anti-horse rabbit serum previous to injection 
of the antigen (horse serum) (Table III). 

From Table III it appears that 0.1 cc. of horse serum represents 1 
M.L.D. of antigen for these passively sensitized animals. It is clear 
that here, as in the preceding experiment (Table II), foreign serum 
introduced parenterally into a sensitized animal tends to reduce its 
reactivity. Apparently, this reduction in reactivity is roughly related 
to the amount of foreign serum introduced, since large amounts of 
serum protect against greater quantities of antigen. It is interesting 
that even homologous normal serum (guinea pig) shows a protective 
effect which, however, is rather slight, in comparison with the pro- 
tection afforded by rabbit serum. Kellaway and Cowell (7) have 
made a similar observation and have shown that the loss and return 
of reactivity in sensitized guinea pigs treated with normal guinea pig 
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serum may be correlated -with a similar loss and return of reactivity of 
the smooth muscle. ' 

In contrast with these control experiments, it will be seen that sensi- 
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TABLE IV 


The Ejfect of Excess of Circnlaiiiig Antibody upon the Anaphylactic Response of 
Guinea Pigs Passively Scjisitizcd with Anti-Horse Senm 3 
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respectively. The important point here, then, is that rabbit and even 
guinea pig serum containing no specific antibody, when introduced 
intravenously into sensitized guinea pigs before testing with antigen, 
reduces reactivity while the introduction of rabbit serum containing 
the specific antibody does not reduce but rather tends to enhance 
sensitivity. These results are in agreement with those reported earlier 
with antialbumin serum (Table I) . 

Further corroboration was obtained with a second anti-horse rabbit 
serum which was not toxic for guinea pigs. The results were controlled 
by determining the effect of intravenous inoculation of anti-Fried- 
lander or anti-egg rabbit serum upon the hypersensitive response of 
guinea pigs passively sensitized with 0.5 cc. of this anti-horse serum. 
The interval between injection of these antisera and the horse serum 
antigen was 20 minutes (Table IV). 

Here again, it may be seen that the mere introduction of foreign 
serum may reduce slightly the reactivity of the sensitized animal. 
Hence, the protection afforded by antibody-containing serum (if it 
occurs at all) should be attributed to its action as a foreign protein 
rather than to its antibody-content. It is more significant, however, 
that several of the animals given an excess of antibody-containing 
serum died when tested with less than 1 m.l.d. of antigen. Thus, 
three died after introduction of 1/2 m.l.d., one after 1/4 m.l.d., and two 
after 1 /8 m.l.d., while only one animal out of nine died when tested with 
less than 1 m.l.d. of antigen after being given an excess of other than 
specific antiserum. The enhancement of sensitivity observed in the 
present experiments would indicate that similar, though less exten- 
sive, findings in previous experiments were not accidental. These 
findings are particularly significant because foreign serum contain- 
ing none of the specific antibody tends to reduce the reactivity of 
sensitized animals when injected in comparable amounts. As a con- 
sequence, the actual increase in sensitivity conferred by an excess of 
antibody might have been even greater than that recorded here were 
it not for the fact that a nonspecific foreign protein reaction which 
tends to decrease the animal’s reactivity was occurring at the same 
time. 

The summar}'^ of the results of experiments in guinea pigs passively 
sensitized witli both lots of anti-horse scrum is presented in Table V. 
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This table indicates in a graphic manner the essential features of these 
experiments. Guinea pigs passively sensitized with anti-horse rabbit 
serum and injected with additional antibody show a definitely greater 
sensitmty than animals similarly sensitized, but given an additional 
inoculation of other rabbit sera containing none of the specific anti- 
body. This increase in sensithdty is demonstrable in two ways: (a) 
Death occurs in some animals upon injection of amoimts of antigen 


TABLE V 

Composite Results of Passive Sensitization of Guinea Pigs vnlh 0.5 Cc. of Aiiti-Eorse 
Ralbit Serum, Shomng Effect of Subsequent Introduction of Excess of 
Antibody into the Circulation 
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less than 1 m.l.d., and (6) when tested with 1 or 2 m.l.d. of antigen 
the mortality rate among animals receiving excess of antibody is con- 
siderably higher than among those which received other rabbit sera. 




The preceding experiments were undertaken because of the preva- 
lent view that the presence of an excess of antibody in the circulation 
is responsible for the refractoriness to anaphylaxis manifested by some 
hypersensitive animals. This concept is based largely on the tvork of 
\\eil Cl) quoted previously and on other experiments of his (8) in 
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which he showed that guinea pigs actively sensitized with large 
amounts of antigen became hypersensitive more slowly and required 
larger amounts of antigen for induction of fatal shock than guinea 
pigs sensitized with small amounts of antigen. This he attributed to 
the fact that the former animals had more circulating antibody than 
the latter. Even if this quantitative difference in the amount of 
antibody formed ia these two groups of animals does occur, which in 
the light of immunological experience is rather doubtful, it is not 
necessarily the only explanation of the greater refractoriness of ani- 
mals sensitized with large amounts of antigen, as will be shown later. 

This concept, however, has led even such an authority as Wells (9) 
to state that ‘‘this term [antianaphylaxis] should logically be applied 
only to a resistance due to antibodies.” From the experiments 
recorded in this paper, however, it would appear that an excess of 
antibody in the circulation does not establish a state of antiana- 
phylaxis. On the other hand, some protection against anaphylactic 
shock may be induced nonspecifically merely by the introduction of 
serum whether containing the specific antibody or not. This is in 
agreement with numerous reports in the literature concerning the 
capacity of a wide variety of unrelated substances to render sensitized 
animals refractory to anaphylaxis (hypertonic salt, alkalis, mineral 
waters, saponin, lipoids, foreign sera, narcotics, hirudin, etc. (10, 11)). 
In the light of our results, then, it is extremely likely that the occa- 
sional instances of protection noted in our experiments in sensitized 
animals inoculated with additional antibody, as well as a similar 
though more extensive protection reported by Weil, are attributable 
to the nonspecific effect of the serum injected. It is also possible that 
traces of antigen remaining in the antiserum which was injected intra- 
venously into the already hypersensitive animal may have caused 
some degree of specific desensitization. It may be pertinent to point 
out here that persistence of antigen in animals undergoing active 
sensitization is also a very likely explanation of Weil’s failure to 
establish as high a degree of reactivity in animals sensitized with large 
amounts of antigen, as contrasted with those inoculated with smaller 
quantities. Antibody may be demonstrated in the circulation of 
animals undergoing active sensitization often before all of the antigen 
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has been eliminated, and hence ideal conditions for specific desensiti- 
zation are present. It is natural that larger amounts of antigen 
persist longer than smaller quantities and this fact, not the greater 
amount of circulating antibody, may account for Weil’s results. 
That the same fundamental mechanism may underly specifically or 
nonspecifically induced antianaphylaxis will be elaborated upon in a 
subsequent publication. 

While the present experiments have shown that circulating antibody 
is not responsible for a state of antianaphylaxis they have indicated 
in addition, that frequently those animals which have received an 
excess of antibody react to smaller quantities of antigen than animals 
which have not received an injection of additional antibody. It 
should be emphasized that in these experiments a period of only 20 
minutes was allowed to elapse between the intravenous injections of 
additional antiserum and of antigen into the hypersensitive animals 
(although in some instances the interval was 1 hour). In any event, 
the interval was shorter than that which has usually been acknowl- 
edged to be the Tninirmim incubation period for the development of 
passive hypersensitiveness in the guinea pig, during which time it is 
claimed the antibody becomes fixed in the cell. These experiments, 
then, suggest the possibility that anaphylaxis is determined by 
both circulating and fixed antibody, and that circulating antibody, 
far from being a protective mechanism for the hypersensitive cell, 
actually increases the degree of sensitivity. 

This view of the role of circulating antibody receives considerable support from 
the work of Kellett (12) who showed that it is possible to induce anaphylaxis in 
guinea pigs by injecting antiserum 45 minutes after the specific antigen. Indeed 
the recent work of Zinsser and Enders (13) has shown that some guinea pigs may 
be thrown into fatal shock when an interval as little as IJ minutes intervenes 
between the injections of antigen and antiserum, and that this phenomenon may 
be demonstrated regardless of whether the antigen or antiserum is the first to be 
injected. It is admitted (14-16) that circulating antibody may be responsible 
in some part for the anaphylactic reactivity of dogs, mice, and rabbits, and hence 
not unlikely it should play a part in the reactivity of guinea pigs. 

The failure of some of the sensitized animals in the present experi- 
ments to manifest an increased reactivity when given additional 
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antibody may possibly be attributed to individual variation in the 
animals, to the nonspecific effects induced by introduction of addi- 
tional antiserum, or to traces of antigen remaining in the antiserum. 

The experiments reported here tend to invalidate the idea that 
anaphylaxis is due to fixed antibody alone, and that refractoriness to 
anaphylaxis is due to circulating antibody. The precise mechanism 
of antianaphylaxis and its relation to anaphylaxis and to immunity 
(resistance to infection) will be discussed in a subsequent publication. 

CONCLUSIONS 

1. Sensitized guinea pigs injected with normal rabbit or guinea pig 
serum previous to intravenous inoculation of antigen may be protected 
against a few lethal doses of antigen. The protection is greater with 
foreign than with homologous serum and appears to be related roughly 
to the amount of serum introduced. 

2. Sensitized guinea pigs injected with antibody-containing serum 
preliminary to intravenous injection of antigen, show no greater re- 
fractoriness to anaphylaxis than do those injected with normal serum. 

3. Moreover, in many instances, the injection of an excess of anti- 
body into the circulation of sensitized guinea pigs, leads to an increased 
susceptibility of these animals to anaphylaxis. 

4. These results indicate that an excess of circulating antibody is 
not responsible for a state of antianaphylaxis, but on the contrary, may 
contribute toward the anaphylactic reaction itself. 
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THE RELATION BETWEEN ANTIANAPHYLAXIS AND 
ANTIBODY BALANCE 

II. The Effect of Specific Desensitization upon Resistance to 
Intection and upon Antibody Balance 

By MARION C. MORRIS, Ph.D. 

iFro/n the Deparlment of Bacteriology and Immunology, Washington University 
School of Medicine, St. Louis) 

(Received for publication, June 16, 1936) 

Specific desensitization is currently explained on the basis of an 
h>T)othesis that the introduction of specific antigen into a sensitized 
animal causes a saturation or partial depletion of the cellular antibody 
responsible for hj^ersensitiveness. However, in view of the many 
reports in the literature (1, 2) and omr own results (3) which indicate 
that refractoriness to anaphylaxis may be induced nonspecificaUy, it 
seemed important to determine whether the antibody balance is 
actually involved in specific desensitization. It appeared, too, that 
such a study should be of value in establishing a consistent concept of 
the relation between the states of anaphylaxis, antianaphylaxis, and 
immunity. 

The Effect of Specific Desensitization upon Subsequent Resensitization 

If specific desensitization be due to a saturation of cellular anti- 
bodies, it should be possible to resensitize previously desensitized 
animals merely by supplying additional antibody. Accordingly, a 
group of guinea pigs was sensitized, specifically desensitized, and later 
resensitized, and their response to the parenteral introduction of anti- 
gen was compared with that of normal animals passively sensitized 
with the same antiserum. The method of passive sensitization was 
used throughout in order to avoid the complications incident to 
indmdual differences in the capacity of the animals to produce anti- 
bodies by active sensitization. 
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A group of guinea pigs was passively sensitized by intraperitoneal injection of 
0.5 cc. pooled anti-horse serum (titer 1 : 10,000). After 24 or 48 hours these guinea 
pigs were specifically desensitized by an intraperitoneal injection of horse serum 
as indicated in Table I. In some instances, a second intravenous injection of 
antigen was given at a later time to increase further the degree of desensitization. 
After a further interval of 24 to 48 hours these guinea pigs were again sensitized 
with 0.5 cc. of the same antiserum and after an incubation period of 24 hours were 
tested by injection of horse serum into the jugular vein. 


TABLE I 

The Effect of Dcsoisitization upo?i Suhscqtieni Passive Resensitizaiion of Guinea Pigs 
{Horse Seriim-Anti-Horse Senim Systevi) 


Guinea pig 

Weight 

4-t 

'o i!J 

2 U..2 
0.2 rt 

2 -.a 
:25Sd 

^ (u 
(3 w in 

< 

Interval 

Horse serum 
antigen for 
desensitization 

Interval 

Anti-horse rabbit 
serum for resen- 
sitization (i.p.) 

Interval 

Horse serum an- 
tigen (i.v.) 

'o 

q 

a c 

. c 
o rt 

Result 

8-85 

8-25 

8-84 

8-86 

gm. 

221 

202 

227 

190 

CC. 

0.5 

(( 

tt 

it 

- 

hrs. 

24 

48 

24 

72 

24 

72 

- 

cc. 

6.05 (i.p.) 

0.1 (i.p.) 

0.025 (i.p.) 
0.1 (i.v.) 

0.075 (i.p.) 
0.1 (i.v.) 

hrs. 

48 

24 

24 

24 

0.5 

tt 

xt 

tt 

hrs. 

24 

tt 

u 

tt 

cc. 

0.1 

0.2 

0.4 

0.6 

2 

4 

6 

s 

s 

s 

s 

Controls 










6-66 

212 

0.5 

24 





1 0,05 

1/2 

s 

6-64 

223 

0.5 

24 





, 0*1 

1 

D 

6-59 

217 

0.5 

24 





0.2 

1 2 

D 


D, died with symptoms typical of anaph\daxis. 
S, survived. 


\\lien the response of these resensitized antianaphylactic animals is 
compared \Yith that of normal animals passively sensitized with the 
same amount of anti-horse serum, it is clear that the former animals 
have a greater tolerance for the specific antigen than the latter. This 
suggests that antibody depletion is not an adequate explanation of the 
effect of desensitization since, if this were so, it might be expected that 
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desensitized animals would have become at least as highly sensitized 
as normal animals upon receiving the same amount of antibody. 


TABLE n 

The EffecI oj DesensiUzaTton upon Subsequent Passive Resensitization of Guinea Pigs 
{Pneumococcus Type II Carbohydrate-Antipneuinococcus Serum System) 








U W. 



0 




Hp- 
tf: C c 

3 3 0 


Pncumococois Type II 


.y 0 c 


carbohydrate 

(i.v.) 

C 

U 

"c 









. 


.5? 


0 

ill 


carbohydrate 
for desensitization 


3.3ai 


a 

>S 

mC V 


c3 

o 

C 

A 

— 

« « a 

5 

V 


> 

u 

« rt 5 

C fc- c 

.£■ i? 

> 

w 


*0*3 
, >» 


3 

o 


< 

C 


C 

< 

c 

h.| 





im. 

cc. 

hrs. 

cc. 

krs. 

cc. 

krs. 

cc. 



7-52 

231 

0.5 

24 

0.1 1:1000 (i.v.) 

2 

0.5 

24 

0.1 1:100 

5 

S 

7-46 

235 

(( 

24 

0.1 1:1000 G.V.) 

2 


cc 

0.3 1:100 

15 

D 

1-14 

200 

(( 

8 

29 

0.3 1:1000 (i.p.) 
0.05 1:200 (i.v.) 

1/2 

cc 

cc 

0.3 1:100 

15 

S 

1-79 

240 

cc 

24 

0.1 1:2000 (i.v.) 

48 

cc 

cc 

0.3 1:100 , 

15 

s 




25 ' 

0.2 1:100 (i.v.) 





1-80 

215 

iC 

24 

25 

0.1 1:2000 (i.v.) 
0.8 1:100 (Lv.) 

48 

cc 

cc 

0.8 1:100 

40 

s 







cc 

cc 




1-84 

182 

cc 

24 

25 

0.1 1:2000 (i.v.) 
0.4 1:100 (i.v.) 

48 



0.8 1:100 

40 

s 

1-81 

185 

; “ 

24 

25 

0.1 1:2000 (Lv.) 
0.8 1:100 (Lv.) 

48 

cc 

cc 

0.8 1:100 

40 

s 

Controls 










7-45 

23 

5 0.5 

24 





0.1 1:1000 

1/2 

s 

7-42 

19 

2 0.5 

24 





0.2 1:1000 

1 

D 

7.44 

22 

3 0.5 

24 

1 




0.2 1:1000 

1 

D 


D, died wth symptoms t>-pical of anaphylaxis. 
S, survived. 


A similar experiment was carried out vsith pooled antipneumococcus Type II 
serum (titer 1:80-1:160) and the corresponding carbohydrate haptene (reactive 
by precipitation in a dilution of 1 : 100,000) (Table 11). 
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The results of this experiment are in complete agreement with those 
of the preceding one. They show clearly that desensitization cannot 
be attributed to saturation of the antibody. While the exact extent 
of the desensitization was not determined, it is evident that the 
resensitized antianaphylactic animals withstood at least 40 times the 


TABLE III 

The Effect of Desensitization upon Subsequent Passive Resensitization of Guinea Pigs 

with an Unrelated Antiserum 


Guinea pig 

Weight 

Rabbit antiserum for 
sensitization 

Interval 

Homologous specific 
carbohydrate 
for desensitization 

Interval 

Anti-horse rabbit serum 
for sensitization(i.p.) 

Interval 

Horse serum antigen 
(i.v.) 

c 

u 

.£? 

c 

rt 

*0 

Q 

i4 

a 

o 

d 

Result 

Anti-Friedlan- 
der Type B 

Antipneumo- 
coccus Type 
II 




cc. 

hrs. 

cc. 

hrs. 

cc. 

hrs. 

cc. 



8-92 




72 

0.1 1:10,000 (i.p.) 

5 

0.5 

24 

0.2 

2 

S 

7-08 

252 

2 (i.v.) 


72 

0.1 1:10,000 (i.p.) 

« 

ic 

<C 


4 

S 





24 

0.1 1:10,000 (i.v.) 


it 

U 




7-15 

231 

0.5 (i.p.) 


96 

0.1 1:10,000 (i.p.) 

a 

« 

it 


8 

s 

7-03 

232 

2 (i.v.) 


48 

0.1 1:10,000 (i.p.) 


<( 

ft 

0.9 


s 

7-12 

222 


0.5 (i.p.) 

24 

0.1 1:1000 (i.p.) 

te 

tf 

« 

1 

m 

s 

7-09 

202 


0.5 (i.p.) 

24 

0.1 1:1000 (i.p.) 


it 

if 

1 

■H 

s 

Controls 








■ 



6-66 

11 






0.5 


0.05 

1/2 

s 

6-64 







0.5 

' 24 

21 

1 

D 

6-59 

|217 






0.5 


mm 

mm 

2 

D 


D, died with symptoms typical of anaphylaxis. 
S, survived. 


amount of antigen which killed normal guinea pigs passively sensitized 
with the same amount of antiserum. 

The preceding experiments, however, seemed open to the possible 
objection that resensitization might have been ineffective because the 
antigen used for desensitization might still have been present at the 
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tissue surfaces and might have combined with a fresh supply of the 
same antibody, thus preventing it from reaching the cells. 

To see whether this might be true, guinea pigs which had been passively sensi- 
tized v,-ith pooled anti-Friedlander Type B or antipneumococcus Type II serum 
were specifically desensitized with the respective haptenes. After a period of 5 
hours, all of the guinea pigs were again passively sensitized, but this time Vidth 
anti-horse serum (Table III). 

The results of this experiment indicate that animals which have been 
specifically desensitized by Friedlander or pneumococcus carbohy- 
drates, fail to react when resensitized with anti-horse serum and tested 
with the corresponding antigen. These results are in complete accord 
with those obtained previously and seem to supply conclusive evidence 
that desensitization is not due to a blocking of cellular antibody. 
This tj^e of experiment is particularly instructive because the evi- 
dence is valid regardless of whether a saturation of cellular or humoral 
antibodies is postulated as the essential prerequiMte for antianaphy- 
laxis. 

Tlte Effect of S-pecific Desensitization upon Resistance to Infection 

Preceding experiments have shovra that the refractory state follow- 
ing desensitization does not depend upon antibody depletion, since 
anaphylactic reactivity is not restored by supplying additional anti- 
body. It is conceivable, however, that concurrently with any changes 
caused by the injection of antigen into h3q)ersensitive animak and 
directly responsible for a state of antianaphylaxis, some antigen may 
combine with and neutralize some portion of the antibody. If such 
be the case, and if an appreciable amount of antibody be thus depleted 
by the process of desensitization there might occur, as a consequence, a 
change in the specific resistance to infection of such animals. This 
possibility was investigated by comparing the relative resistance to 
infection with Friedlander’s bacillus Type B of two series of guinea 
pigs: (a) animals passively sensitized with anti-Friedlander serum; and 
(b) animals similarly sensitized but, in addition, desensitized with the 
specific haptene. 

Having determined the lethal amount of the specific carbohydrate (reactive by 
precipitation in a dilution of 1:1,000,000) for guinea pigs passively sensitized 
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with 1 cc. of pooled anti-Friedlander Type B rabbit serum (titer 1:20-1 :40) (Table 
IV) another series of guinea pigs was similarly passively sensitized and 8 hours later 
desensitized with a sublethal amount of the polysaccharide injected intraperi- 
toneally. The interval elapsing between the time of sensitization and final test 
with carbohydrate injected into the jugular vein was the same in all animals (28 
to 29 hours). It will be seen that the method of desensitization used was effective 


TABLE IV 

Minimum Lethal Dose oj Antigen {Specific Carbohydrate) for Ginnea Pigs Passively 
Sensitized with Anti-Friedldnder Type B Rabbit Serum {Lot 3) 


Guinea pig 

Weight 

Anti- 

Friedliinder 
rabbit serum 
(i.p.) 

Interval 

Friediander 
Type B , 
specific carbo- 
hydrate 
, 1:10,000 
dilution (i.v.) 

Symptoms 

Result 


gm. 

cc. 

hrs. 

cc. 



3-53 

211 

1.0 

28-29 


— j 

s 

3-60 

187 

t£ 

(( 

0.1 

+ 

s 

3-55 

232 


tc 


— 

s 

3-61 

198 

u 

(( 

0.2 

+++ + 

D 

3-68 

232 

it 

(£ 




s 

3-70 

232 

it 

(C 

0.4 

— 

S 

3-63 

195 

t£ 

i( 


++++ 

D 

3-66 

245 i 

u 

« 




S 

3-72 

222 

u 

(t 

0.8 

++++ 

D 

2-21 

195 

ti 

(t 


++++ 

D 

2-22 

205 

t( 



++H — h 

D 


MX.n. = 0.8 cc. 1:10,000 dilution. 

+ + + +, intense symptoms; immediate death. 

+ + +, intense symptoms; survived. 

+ +, moderate but definite symptoms. 

+, very mild symptoms. 

— , no symptoms. 

S, survived. 

D, anaphylactic death. 

to the extent that desensitized animals survived at least 60 m.l.d. of the specific 
carbohydrate (Table V). Unfortunately it was not possible to test the animals 
with larger quantities of carbohydrate because of the limited supply of this ma- 
terial available, so tliat the exact lethal dose for the desensitized guinea pigs could 
not be definitely established. 

Having secured a degree of dcsensitization permitting the animals to withstand 
at least 60 times the ordinary lethal dose of antigen an attempt was made to 
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determine the effect of such desensitization upon resistance of these animals to 
infection. Table VI shows the results obtained in experiments in which a series 
of guinea pigs comprising both sensitized and desensitized animals was tested for 
resistance to infection following intraperitoneal injection of varying amounts of 
virulent culture of Friedlander’s bacillus B. All of the guinea pigs were 

observed for 4 days and Friedlander’s bacillus was isolated from the blood of 
animals which died* 


TABLE V 

Result of Dcseusitizatioji ’itfith the Specific Carbohydrate 'of Friedlandcr's Bacilh(s 
Type B in Guhica Pigs Passively Sensitized with Anti-Friedldnder 
Type B Rabbit Serum {Lot J) 


Guinea 

pig 

Weight 

Anti- 
Fried - 
lander 
Type B 
rabbit 
scrum 

Interval 

Friedlander 
Tj^pcB 
carbohy- 
drate (up.) 
(1:10,000 
dilution) 

Intcrv'al 

Friedlander 

B 

carbohy- 
drate (i.v.) 
(1:1000 
dilution) 

No. of 
M.L.D. 
of 

carbo- 

hydrate 

SjTnploms 

Result 



1 cc. 

, firs. 

, cc. 

krs. 

1 cc. 


1 


3-65 

235 j 

1 

8 

1 0.2 

20-21 

0.8 

10 

+ 

S 

3-64 

204 

(( 1 

it 

1 

(( 

1 

<c 

1 fit 

on 

— 

S 

1-01 

205 

u 

1 

1 

it 

J. .0 


+++ 

s 

3-67 

207 

it 

if 

* it 

ii 




s 

2-29 

201 

iC 

<e 

it 

it 

2,4 

30 

+++ 

s 

2-20 

210 

it 

a 

it 

ti 

4.8 

60 

+ 

s 


+ + 4-, intense symptoms; survived. 
4-, very mild symptoms. 

— , no s 3 rmptoms. 


As will be seen from the results presented in Table VI no appreci- 
able differences in resistance were detected, although anaphylactic 
reactivity in the desensitized animals had been decreased so that they 
withstood at least 60 of haptene (Table V). These results 

support the earlier conclusion that desensitization is not due to anti- 
body depletion. 

The Effect of Specific Desensitization upon the Content of Circulating 

Antibody 

While the data presented above appear to indicate that desensitiza- 
tion does not deplete the antibody, it seemed essential to make a more 
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direct comparison of the antibody content of the serum of sensitized 
and of desensitized guinea pigs. Because of the fact that the antibody 
which was introduced to effect passive sensitization of the guinea pigs 
was higlily diluted by the total volume of the blood of the animal, 
precipitation and complement fixation were found to be inadequate 
tests for its detection. An attempt was made, therefore, to determine 
whether a mouse protection test might serve for this purpose. 


TABLE VI 


The Effect of Desensithation upon Resistance to Infection of Guinea Pigs Passively 
Sensitized with Anti-Fricdlander Type B Rabbit Serum {Lot 3) 



In a preliminar>’ e.\-periment, therefore, a series of mice was injected with 0.2 cc. 
of mixtures consisting of equal volumes of serial dilutions of anti-Friedlander 
Type B serum and of standard dilutions of a broth culture of Type B Friedlander’s 
bacillus (18 hours old). That the number of organisms injected each time was 
the same in aU mixtures of the same dilution was ascertained by plating serial 
dilutions of the culture used in each experiment. The mice were observed for 
4 days and Friedlander’s bacillus was isolated from the heart’s blood of all animals 
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succumbing to infection. Results of this experiment which comprised over ISO 
mice are presented in Table VII, in terms of percentage of animals surviving 
infection. 

The results of this preliminary experiment indicated that the mouse protection 
method was delicate enough for the purpose a t hand , since fair protection of mice was 
still evident when the antiserum was diluted 1:800. Therefore, fifteen guinea 
pigs were passively sensitized by intraperitoneal injection of 1 cc. of anti-Fried- 
lander Type B serum and divided into two groups. The first group (Table WII) 
comprising eight animals was bled from the heart 28 to 29 hours after sensitization. 
The second group (Table IX) comprising seven animals was desensitized 8 hours 
after sensitization by intraperitoneal injection of 0.2 cc. of 1 : 10,000 dilution of 
the specific polysaccharide, and bled from the heart 20 to 21 hours later. The 
antibody content of the serum of these two groups of guinea pigs was determined 
by injecting a niunber of mice with 0.2 cc. of a mixture of equal volumes of the 


TABLE VH 

Protection of Mice with Varying Dilutions of Anti-Friedlander Type B Sertan {Lot 3) 


0.1 cc. of Fried' 
landeris bacillus 
XjTie B diluted 

0.1 cc. of anti-Friedlaudcr Type B semm (lot 3) diluted 

Ontrols 

■vrithout 

antiserum 

1 1:50 

1:100 

1:200 

1 1:400 

1:800 



' per cent 

Per cenl 

per cent 

per cent 

per cenl 

1:1000 

■91 

60 

30 

0 


0 

1:10,000 


63 

72 

52 

10 

0 

1:100,000 






0 

1:1,000,000 

■■ 





25 


Figures represent percentage of survivals (4 days). 


serum of these guinea pigs diluted as indicated in the tables and a 1 : 10,000 dilution 
of an 18 hour broth culture of Friedlanderis bacillus (approximately 100 m.l.d.). 
Here, too, the number of organisms injected was always determined by plating 
serial dilutions of the culture. The mice were observed for 4 days, at the end of 
which time the respective number of deaths and survivals was recorded (Tables 
VIII and IX). Friedlander’s bacillus was always isolated from the heart’s blood 
of mice which died. 

Upon comparison of results of mouse protection by sera of sensitized 
and of desensitized guinea pigs respectively, it appears that the serum 
of sensitized animals has a somewhat greater protective capacity than 
that of desensitized anunals. When the results are judged according 
to the previous standardization of the same antiserum (Table VII), 
it would appear that the protection afforded by a 1:5 dilution of the 
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sera of sensitized guinea pigs (see Table VIII) corresponds to a 
1:200 dilution of the original anti-Friedlander serum, while that 
afforded by a 1 : 10 dilution of the sensitized guinea pig sera corre- 
sponds to a 1 ; 400 dilution of the original antibody. On the other 
hand, the protection afforded by a 1 : 5 dilution of sera of desensitized 


TABLE vin 

Protcclion Tests in Mice with the Sentm of Guinea Pigs Sensitized ivith Anti-Fricd- 
lander Type B Rabbit Serum {Lot 3) 


Guinea pig 

Weight 

Mice inoculated w 
Friedl&ndcr's bacilli 
ai 

0.1 cc. guinea pii 

1:5 

ith O.I cc. Type B 

LIS dilution 1: 10,000 
id 

serum diluted 

1:10 


1 gm. 



3-44 

205 

4S 

4D 1 S 

3-59 

190 

5S 

1D4S 

3-62 

190 

3D 2 S 

4D 1 S 

3-69 

220 

5D 

5D 

3-71 

208 

1D4S 

1 D 4S 

Pooled 




2-60 i 

216 



2-62 

177 

1D9S 

3D 7S 

2-63 

194 



Total No. mice tested i 

34 

35 

Total No. survivors 

24 

17 

Percentage survivors 

70% 

49% 


D, died within 4 days. 

S, survived 4 days. 

* Guinea pigs sensitized with 1 cc. anti-Friedlander serum, bled 28 to 29 hours 
later. 

guinea pigs (see Table IX) represents a little more than the equivalent 
of a 1 : 400 dilution of the original antiserum, while that afforded by 
a 1:10 dilution of desensitized guinea pig sera represents somewhat 
more than a 1:800 dilution of the original antibody. These figures 
indicate the possibility that desensitization has decreased the antibody 
content of the serum by one-half. These differences in protection of 
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mice, however, are far too slight to account for the high degree of 
refractoriness to anaphylaxis manifested by the desensitized guinea 
pigs. Moreover, in view' of the experiments in which both the sen- 
sitized. and desensitized guinea pigs were found to be equally resistant 
to infection (Table VI), it seems probable that the differences in 


TABix rx 

Prolection Tests in Mice with the Serum of Guinea Pigs Sensitized with Anli-Fried- 
Idnder Type B Rabbit Serum {Lot 3) and Desensitized with the Specific Carbohydrate 


Guinea pig 

Weight 

Mice inoculated 'with 0.1 cc. Type B 
Friedlander’s bacillus dilation 1:10,000 
and 

0.1 cc. guinea pig* serum diluted 

1:5 

1:10 


im. 



2-55 

205 

ijyss 

4D IS 

2-56 

237 

2D3S 

3D2S 

2-57 

235 

2D3S 

3D 2S 

2-58 

262 

41) 1 S 

5D 

Pooled 




2-59 

187 



2-61 

200 

3D6S 

9D IS 

•2-64 

175 



Total No. mice tested 

28 

30 

Total No. survivors 

16 

6 

Percentage survivors 

57% 

20% 


D, died within 4 days. 

S, survived 4 days. 

^Guinea pigs sensitized with 1 cc. anti-Friedlander serum, specifically desen- 
sitized after a period of 8 hours and bled 20 to 21 hours later (28 to 29 hours 
after original sensitization). 

antibody concentration as shown by mouse protection tests might 
be due in part at least to inadequacy of the method of testing. In 
the light of experiments of Sia (4) who showed that soluble specific 
substance enhances the growth of Pneumococcus in vitro, there is the 
possibility that the presence of small amounts of carbohydrate in the 
serum of the desensitized animals and not the reduction in its anti- 
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upon the content of cellular antibody may be made, however. The 
methods used in the present experiments were founded upon the well 
known fact that hypersensitiveness to the carbohydrate of Fried- 
lander’s bacillus and resistance to infection in sensitized animals are 
both due to the same type-specific antibody directed against the cap- 
sular polysaccharide. Hence, if desensitization by the specific 
carbohydrate depletes the antibody so that hypersensitivity is de- 
creased, a corresponding decrease in the animal’s resistance to infection 
should occur. However, it was found that hypersensitiveness may be 
reduced by desensitization at least 60 times without affecting the 
resistance of the animal to infection. It is logical to conclude, there- 
fore, that specific desensitization does not affect appreciably the quan- 
tity of fixed or circulating antibody present in the sensitized animal. 
Furthermore, a direct study of the antibody content of the serum 
of guinea pigs before and after specific desensitization has shown that a 
decrease in antibody content commensurate with a 60-fold decrease in 
hypersensitiveness does not occur. If a considerable decrease in the 
content of cellular antibody had occurred, it is likely that more anti- 
body would have been taken up by the cells from the circulation, and 
hence a decrease in cellular antibody should have been followed by a 
significant decrease in serum antibody. Such was not found to be the 
case. 

These experiments taken in conjunction with those of the previous 
publication (3) lead to the conclusion that refractoriness to ana- 
phylaxis is not dependent upon an excess of circulating antibod}’^ nor 
upon antibody depletion, but is occasioned by nonspecific changes in 
the animal. 

Thus, for instance, Eggstein (12), showed that the alkaline reserve of the 
plasma is lowered during shock and that a dmini stration of sodium carbonate to 
sensitized dogs or guinea pigs has a protective effect if given before the shocking 
injection of antigen. Kopaczewski (13) claimed that those substances which 
lower the surface tension or increase the viscosity of the blood are effective anti- 
anaphylactic agents. Widal, Abrami, and Valleiy-Radot (14) believed that the 
state of antianaphylaxis is brought about by a change in the physical equilibrium 
of the animal. Most adequate as a plausible explanation of the mechanism of 
antianaphylaxis, however, is the hypothesis of Bronfenbrenner (15-17) who has 
shown that following anaphylactic shock the capacity of the blood of the surviving 
animals to inhibit tiyptic activity is increased. It is this antitryptic property 
which prevents the activity of digestive ferments necessary' for the formation 
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body content may be responsible for the higher mortality of mice in 
the protection tests with the sera of desensitized guinea pigs. 

DISCUSSION 

A number of investigators who have maintained that specific desensitization 
exhausts or neutralizes the antibody responsible for hypersensitiveness have been 
confronted with facts incompatible with this hypothesis. Thus, Weil and Coca 
(5) found that passively sensitized guinea pigs, after desensitization, required a 
larger amount of antialbumin serum for resensitization than was necessary for the 
primary sensitization. A control group of guinea pigs inoculated with normal 
rabbit instead of antialbumin rabbit serum and later with egg albumin as used for 
desensitization in the test group, also required larger amounts of antiserum for 
sensitization than normal animals. Because of the behavior of this control group, 
Weil and Coca concluded that antianaphylaxis was actually due to a neutralization 
of antibody. Their interpretation of these results seems open to question. The 
mere fact that in both groups of animals it was more difiicult to elicit the anaphy- 
lactic response than in normal passively sensitized animals indicates the non- 
specific nature of the state of antianaphylaxis. Furthermore, other investigators 
(6-11) have shown that animals sensitized with two antigens when desensitized 
with one become refractory to the other also. Friedberger and his collaborators 
(8) claimed that refractoriness to the antigen used for desensitization was so much 
greater than refractoriness to the other antigen that antianaphylaxis must be of a 
dual nature consisting of (a) a general refractoriness to all anaphylatoxin, and 
(b) a true specific antianaphylaxis. Bessau (6, 7), however, was unable to show 
any such quantitative differences and claimed that the state of antianaphylaxis 
was entirely nonspecific. It should be emphasized that none of these investiga- 
tors made any direct determination of the antibody content of these animals to 
show that a neutralization of antibody takes place. 

In experiments presented in this paper, it has been shown that 
specifically desensitized guinea pigs when resensitized with the same 
or with an unrelated antiserum fail to attain the same degree of 
h}q)ersensitive reactivity as normal animals sensitized with the same 
amount of these antisera. These facts would appear incompatible 
with any theory which maintains that a neutralization of either fixed 
or circulating antibody is the principal cause of antianaphylaxis. 

Experiments of this kind, however, while offering evidence that 
antianaphylaxis is due to nonspecific changes in the animal body, do 
not supply direct e\ddence concerning the effect of specific desensitiza- 
tion upon the content of cellular antibody, since, as a matter of fact, 
no methods exist by which such a quantitative determination may be 
made. Indirect determination of the effect of specific desensitization 
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upon the content of cellular antibody may be made, however. The 
methods used in the present experiments were founded upon the well 
known fact that hypersensitiveness to the carbohydrate of Fried- 
lander’s bacillus and resistance to infection in sensitized animals are 
both due to the same type-specific antibody directed against the cap- 
sular polysaccharide. Hence, if desensitization by the specific 
carbohydrate depletes the antibody so that hypersensitivity is de- 
creased, a corresponding decrease in the animal’s resistance to infection 
should occur. However, it was found that hypersensitiveness may be 
reduced by desensitization at least 60 times without affecting the 
resistance of the animal to infection. It is logical to conclude, there- 
fore, that specific desensitization does not affect appreciably the quan- 
tity of fixed or circulating antibody present in the sensitized animal. 
Furthermore, a direct study of the antibody content of the serum 
of guinea pigs before and after specific desensitization has shown that a 
decrease in antibody content commensurate with a 60-fold decrease in 
hypersensitiveness does not occur. If a considerable decrease in the 
content of cellular antibody had occurred, it is likely that more anti- 
body would have been taken up by the cells from the circulation, and 
hence a decrease in cellular antibody should have been followed by a 
significant decrease in serum antibody. Such was not found to be the 
case. 

These experiments taken in conjunction with those of the previous 
publication (3) lead to the conclusion that refractoriness to ana- 
phylaxis is not dependent upon an excess of circulating antibody nor 
upon antibody depletion, but is occasioned by nonspecific changes in 
the animal. 

Thus, for instance, Eggstein ( 12 ), showed that the alkaline reserve of the 
plasma is lowered during shock and that administration of sodium carbonate to 
sensitized dogs or guinea pigs has a protective effect if given before the shockine 
injection of antigen. Kopaczewski ( 13 ) claimed that those substances which 
lower the surface tension or increase the viscosity of the blood are effective anf 
anaphylactic agents. Widal, Abrami, and VaUery-Radot ( 14 ) believed that th' 
state of antianaphylaxis is brought about by a change in the physical equilibri,,^ 
of the ammal. Most adequate as a plausible explanation of the rnedhanism f 
antianaphylaxis, however, is the hypothesis of Bronfenbrenner ( 15 - 17 ) •}, 
shown that following anaphylactic shock the capacity of the blood of thr^ ^ 

animals to inhibit tryptic acti\ity is increased. It is this ant!fr,,-r.t- 
which prevents the activity of digestive ferments necessarj- for^Se'f^^”^^-’^ 
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of the poisonous split products responsible for anaphylaxis. While such changes 
responsible for a temporary refractoriness to anaphylaxis are induced readily 
by the specific antigen-antibody combination, Bronfenbrenner showed that many 
nonspecific agents which raise the antitryptic index of the blood also produce the 
same resistance to anaphylaxis. Hence, the fundamental mechanism underlying 
specifically or nonspecifically induced refractoriness to anaphylaxis is essentiall}'' 
the same. 

If this be the relation between anaphylaxis and resistance to ana- 
phylaxis it is obviously quite different from the relation existing be- 
tween anaphylaxis and resistance to infection. Anaphylaxis, as 
indicated in the previous publication (3) is in all probability^due to the 
events which follow upon the combination of antigen with both fixed 
and circulating antibody. Resistance to infection is dependent upon 
the identical antibodies, both cellular and humoral. The essential 
difference between anaphylaxis and immunity to infection depends 
upon the manner of testing the animal which has such antibodies. If 
the specific antigen be given quickly, in sufficient quantity, in an easily 
utilizable form to the sensitized animal (such as happens when the 
specific carbohydrate is inoculated intravenously into guinea pigs 
sensitized with anti-Friedlander Type B serum) toxic products are 
liberated and the manifestation of reaction is one of acute shock which 
is called anaphylaxis. If, on the other hand, the antigen be given in 
smaller quantities and in a less utilizable manner (such as occurs when 
infection with living bacteria takes place), this immediate reaction is 
not detectable in the gross. In this latter case there is sufficient time 
for the defense mechanisms of the body to become operative (phago- 
cytosis, lysis, etc.) and the manifestation is one of resistance to infec- 
tion which is called immunity. 

The state of antianaphjdaxis, on the other hand, is due to nonspecific 
changes in the animal organism which inhibit rapid production of 
toxic products directly responsible for anaphylactic shock. It may 
be induced specifically or nonspecifically but in any case is not con- 
cerned ^^^th the relative distribution of cellular and humoral antibodies. 

CONCLUSIONS 

It has been shown that antianaphylaxis is not caused by a partial 
saturation of cellular or humoral antibodies by the following facts. 

1 . Guinea pigs passively sensitized with anti-horse or antipneumo- 
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COCCUS serum snd specifically desensitized do not manifest as great a 
reactivity upon resensitization with the same antiserum as upon the 
original sensitization. 

2. Guinea pigs passively sensitized with anti-Friedlander Type B 
serum or antipneumococcus Tj'pe II serum and specifically desensi- 
tized do not attain the same degree of reactivity as normal animals 
when passively sensitized with anti-horse serum. 

3. Guinea pigs passively sensitized with anti-Friedlander Type B 
serum and desensitized with the specific carbohydrate remain as re- 
sistant to infection with Friedlander’s bacillus Type B as imdesensi- 
tized guinea pigs. Since in this case, at least, it is agreed that type- 
specific immunity and type-specific hypersensitiveness are due to the 
same type-specific antibody, a change in anaphylactic response should 
be accompanied by a change in immune response, provided this change 
depends on antibody balance. 

4. A determination of the antibody content of the serum of sensi- 
tized as web. as of desensitized guinea pigs by mouse protection tests 
indicates that a loss of reactivity in desensitized animals cannot be 
adequately accoimted for on the basis of depletion of circulatmg anti- 
body. 

These experiments suggest that hypersensitiveness and resistance 
are different manifestations of the same antigen-antibody reaction 
while antianaphylaxis is a state of refractoriness which is due neither 
to excess of circulating antibody nor to antibody depletion, but is the 
result of secondary changes the true nature of which is still not defi- 
nitely established. 
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It appears justified to conclude from the studies of Weigl (1), and 
from our own work with Castaneda, that active imm u ni zation against 
typhus fever with killed Rickettsiae can be achieved, provided a sufE- 
cient accumulation of the organisms can be obtained for vaccine 
preparation. Such mass production of Rickettsiae is also an indis- 
pensable preliminary for the immunization of horses, donkeys, or goats 
ia the preparation of sera for temporary prophylaxis and for thera- 
peutic application in man.' Yfith the murine strains of typhus, as we 
have reported in preceding papers (2), such Rickettsia accumulation 
has been achieved by a number of methods, all of which depend upon 
the mtraperitoneal infection of rats in which resistance had been 
reduced by a variety of methods. All such attempts, even the use of 
preliminary X-ray radiation of the animals (the most satisfactory of 
the methods employed), have completely failed when the European 
virus is used. Indeed, our persistent failures in this regard are one 
of the most convincing reasons for our belief, elsewhere set forth, 
that the agents of the murine and European infections — so closely 
related in many of their attributes— are nevertheless distinct and 
biologically fixed varieties, not permanently convertible one into the 

* Guggenheim Fellow. 

' In this respect, the situation appears to be not unlike that revealed by recent 
investigations for virus immunization— namely, that for the production of any 
de^ee of immumty with kflled virus. large quantities of the material are required. 
It is not impossible that this point of similarity between infectious agents other- 
wise so far apart in biological attributes may be related to the tendency for intra 
cellular localization which characterizes the pathogenic behavior of both. 
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adapted to this purpose by Nigg and Landsteiner (6). In attempting 
to improve this method a considerable amount of work has been done 
which may be briefly summarized, since it may serve to save time for 
others working along similar lines. 


Rickcllsiae are e.xtremel}' selective in regard to the tissue. No growth has been 
obtained when guinea pig kidney, liver, brain, or heart muscle was substituted 
for tunica scrapings. Slight growth was obtained with scrapings of the lining 
cells of the peritoneum. Rabbit tissues have given negative results. Chick 
embryo likewise. 

It was at first thought that guinea pig serum was essential. We have 
recently found, however, that one part in four of either horse serum or human 
serum mixed with Tyrode solution before filtration gives even better growth than 
the guinea pig-serum Tyrode mixtures. It is still to be determined whether 
there is active metabolism as determinable by oxygen consumption on the part 
of the guinea pig tissue in horse serum and human serum mixtures. No growth 
has been obtained in Tyrode solution without serum. Filtered ascitic fluid, sub- 
stituted for Tyrode solution, if free from bile, gives much heavier growth than 
the Tyrode-serum mixtures, though individual asdtic fluids vary. 

Like Nigg and Landsteiner, we have found that the cultures remain virulent 
and Rickcllsiae survive when the flasks are stored without removal of the stoppers. 
In this manner, a tissue culture of the Mexican strain has been found virulent 
after months and a European culture for 41 months. One of our students. 
Dr, C. J. Wu, took a sealed murine culture to China, without precautions of re- 
frigeration, and writes us that he obtained successful inoculation on arrival. 

The Rickcllsiae will not grow on tunica tissue heated to 50°C. for 15 minutes. 
Nigg and Landsteiner (7) reported occasional slight * temperatxire reactions and 
immunization in guinea pigs after the inoculation of a third generation culture 
on tissue thus heated, although no Rickcllsiae could be seen in the material inocu- 
lated. They reported the facts without drawing conclusions, but Laigret and 
others have taken this to indicate the presence of an invisible form of typhus 
virus, perhaps in cyclic relation with the Rickettsiae, We have repeated these 
experiments a number of times and have in no case obtained either temperature 
reactions or subsequent immunity in gmnea pigs inoculated with materials from 
the second or third heated tissue culture generations. We venture to suggest that 
Nigg and Landsteiner’s results may have been due to the survival of a 
few Rickellsiae carried over from flask to flask. 


Although tissue in such cultures ceases to respire after about 40 hours as 
measured in the Warburg apparatus, and the viability of the cells is unlikely to 
last longer Aan a week, the most active proliferation of Rickellsiae appears to 
take place after the 4th day. An equilibrium of some kind seems to be established 
which creates conditions favorable for growth. These conditions, as far as respira- 
tion, reaction, and oxidation-reduction potentials are concerned, are being S- 





EEVEE ^ -y^latcd tissue 

676 an ^7rdays and then 

Bated. Jved in ite tto oW“'“^'ia„d5te\ner “ 

r“'“ild.b»tnesuccess“ the » K 4 flasta. » fLiace e« 


ia, a varytnE 

_ ^ssumi»b - . incuutvn^- obtained. method to 

^es were pt^ser . ^ cultures and Lands ppears that 

d ass- 

studies ® ^ ireauent suDs^i 


,er quantrtau''-/ . definite ^osed hasas utt*..- 

/^cce=5fnl<;d-a-n_^^^._^^.^^j,„ao(thecl .^^^avncdnepro- 

osedhythedntdand ^5 .S-sttotio" 

'•■ “ “SrJ- »'“*"■ , 

auction Lave no ^ itom tLe N SS ^^^tena 

U ior Xytode SOW. «a 

e a.v„ rulture virus a.,,n\ca vagmahs 


artW W- “"^TtS^tom the Nigg-W— ■ ‘ 

uidSotXytodeSOh . _to three sepa»« pie® 

The sontce ol *' ^s’^nE ““““oWe 

„„.eotiessthesa.eaedat^ 

thJlOth days. _ vaccines has been flasks ^ ^^g^nisms are 

The P’^o^'^‘^^'°oose by J^in which the nurn e contairnng 

{or the same supernatant u shaken , jRicfccfisioc. L e 

centrilugaliaed^ Jlded. The bits oUi "^S^tlier <iisiutegtated bj 

^eghgible-^ d lentriiuge and can be f J ethylene-gW' 

:ir H”/ra o. ?"h:tsS-M-d r 

ircoains and "“leompaniedhy J ot sn* yae™' 

^onometo' '2 „Uu6e ““Mrined. Stanto^® descop jon- 

ra-dtrsr— 

SS%5SiSr»— ■•*'•*" 

"i;;"-" 


min appto-'^^--^,;! a small ^ ^ 

o\^ct J culture fluid- ^ of 

-f ''Xtcl- diectio- S^,. 

ex-pe'''W''ff .,i^cdnatiohS tvel Immunity test 

' . .. ^sin6ievaeeinein;a2^ °—' "'' ' “ 


Tvitn =.--- „ vacci— . Sollows: 

experiments _ Rations wet Inimnnity test 1 

5i out fltst ftfteen v,„,levacdneinieetion ot I f^ 8^^, 9th, and 

^'^r’^’^lild typhus- 
lOlh da>s. 



HANS ZINSSER AND ATTILIO MACCHIAVELLO 


677 


Days 



Chart 1. The res\ilts of the subcutaneous injection of formalinized tissue 
culture vacdne in three different types of experiment. The arrows indicate the 
time of vaccine injections and the amounts. The broken lines represent the 
results of immunity tests carried out by intraperitoneal inoculation of doses of 
European brain virus, which gave severe typhus in controls. In curve 1, the 
immunity test was carried out 33 days after vaccination; in curve 2, 28 days, and 
in curv^e 3, 37 da>’s after vaccination. * 
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lescent guinea pig serum against homologous (murine) virus and found 
fully protected, -was reinoculated several weeks later, and failed to 
exiubit any symptoms of typhus. 

Serovaccination has given encouraging results in the past in the 
immunization of animals against a variety of diseases caused by 
filtrable virus agents and, within recent years, has been successfully 
employed in the case of yellow fever, by Sawyer and his collaborators 
(10). To be sure our own experience with herpes, where fully neutral- 
ized virus invariably failed to induce even a partial immunity, was not 
encouraging. But here, as in poliomyelitis, the immunological prob- 
lem is complicated by the unsolved difficulties involved in neural 
transport and in the blood-brain barrier. Between those virus 
diseases, in which these factors do not enter into consideration, and 
the Rickettsia diseases, there is a considerable immunological simi- 
larity, possibly because of the analogous intracellular localization of 
the responsible infectious agents. 

Basing our efforts on these considerations and on the observation 
cited above, we accordingly proceeded to treat series of guinea pigs 
udth a variety of adjusted mixtures of Eimopean tj'phus virus and 
protective sera, emplo 3 dng combinations of the two in the following 
forms. 

1. Virus in the form of infectious defibrinated guinea pig blood, or of 
virulent guinea pig serum, plus convalescent guinea pig serum taken 
4 or 5 days after defervescence. 

2. Similar defibrinated blood, plus antimurine (heterologous) 
immune horse serum. 

3 and 4. Virulent brain suspension with each kind of serum re- 
spectively. 

5 and 6. Tissue culture virus with each kind of serum respectively. 
The techmque, except in those cases in which brain virus was used, 
consisted in the preparation of measured mixtures of virus and serum,' 
allowing these to stand for 10 minutes at room temperature, and then 
injecting intraperitoneally. ’ 

A major difficulty encountered in some of these studies was the fact 
that our original typhus horse, which had been yielding a potent anti 
tjTjhus serum, died at this time and aU our stocks of active serum 
contained preservatives. The new horse was dehvering a serum of 
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which the Weil-Felix reaction had not yet exceeded a titer of 1 to 80 
1 to 160 (+). With a stronger serum it might have been 
possible to make more accurate adjustments and this, of course, will 
be done later. 

Experiments in which infectious brain was used as virus were on the 
whole unsatisfactory because, as we have reported in a preceding 
publication, in order to protect against brain virus in which the 
injected Rickettsiae are presumably intracellular, it is necessary to 
administer the protective serum in several injections from 24 to 48 
hours after inoculation of the virulent material. The probable reasons 
for this have been discussed elsewhere (4), By following this tech- 
nique it has indeed been possible, in two experiments of the present 
series, to immunize guinea pigs by inoculations of brain virus com- 
pletely neutralized by serum given 24 and 48 hours later as indicated. 
This method is, however, less certain and more complicated than other 
procedures to be reported. 

Two early experiments gave no information because we used doses of 
virus so small that even the control animals failed to show the usual 
symptoms of experimental typhus infection. 

As the amounts of \’irus were increased to points at which the 
unprotected controls showed late and short lived typhus reactions, the 
serovaccinated animals, fully protected as regards the vaccination 
mixtures, did not prove to be immune. (Two experiments.) It was 
obviously necessary, for successful serovaccination, to make use of 
mixtures which contained enough virus to produce vigorous experi- 
mental typhus in the controls. 

In subsequent experiments, therefore, the amounts of virus in the 
mixtures were so adjusted that the control animals in which normal 
serum and salt solution were used, reacted with a severe and prolonged 
experimental typhus. When this technique was employed the 
results were of two types which we may designate as complete and 
partial, these terms referring to the degrees of neutralization of the 
original mixtures. 

In the complete experiments, of which there are four to date, the 
animals receiving the serum-virus mixtures remained entirely normal 
as far as the usual criteria of experimental typhus are concerned, while 
the normal serum and salt solution \nrus controls reacted severely. 



Days 



Days 


Chart 2. In thi^ experiment serovacdnation 'vras carried out on four guinea 
pigs with mixtures containing, respectively, 0.5 cc. of tissue culture virus (repre- 
senting about 0.1 cc. of a tissue culture) and 1 cc. of convalescent guinea pig 
serum, taken from an animal that had passed through a typical European typhus, 
on the 4th day after defervescence. The mixtures were allowed to stand for 10 
minutes at room temperature and injected intraperitoneaHy. 

In this chart, the first curve represents one of three serovaccinated animals. 
One only is charted, since they were all alike and it was considered particularly 
important to chart all the controls. In all the cur\’es, the solid blocks represent 
temperatures above 104®F. The broken lines represent the temperatures after 
reinoculation with ^^rulent brain emulsion for immunity test. Curve 2 represents 
the normal serum control Curve 3 represents the salt solution control. Curve 4 
is the control of the brain \drus used for immunit>' test 1 month after the sero- 
vacdnation. 
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Chart 3. In this experiment, two guinea pigs received 1,5 cc. of virulent 
defibrinated guinea pig blood mixed with 0.5 cc. of the serum of our second horse, 
which was being immunized with murine (heterologous) Rickettsiae obtained by 
the X-ray rat method. For reasons stated above, the Weil-Felix titer of this 
serum did not exceed l’-80 at the time of this experiment. The mixtures were 
allowed to stand for 10 minutes at room temperature and injected intraperito- 
neally. One only of the serovaccinated animals is charted, since both were essen- 
tially alike in result and it appeared important to chart the controls completely. 
Temperatures above 104°F. are blocked in black. Broken lines represent the 
results of immunity tests carried out with virulent brain emulsion of European 
typhus, intraperitoneally injected 2 months after serovaccination. Curve 2 is the 
vaccination control in which the virulent blood was mixed with 0.5 cc. of normal 
horse serum. Curv^e 3 is the saline control of the virus used for the original 
vaccination. Curve 4 proves the virulence of the virus employed for reinoculation. 
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The test animals proved immune when reinoculated with large doses 
of virus a month or so later. Charts 2 and 3 illustrate such experi- 
ments. 

In the partial experiments, of which four have been completed at the 
present time, the relative amounts of virus and of serum in the vac- 
cinating mixtures were such that there was a slight excess of virus over 
neutralizing power. From the practical point of view these experi- 
ments seem to us of considerable importance in that they show that 
even when complete neutralization is not achieved in the experi- 
mentally difficult adjustment between the two reacting factors, the 
severity of the infection is almost always mitigated, sufficiently to 
prevent serious infection. A simple table will serve to illustrate these 
conditions as follows; 


TjT)e of scrovaccination 

Serovaccmated 

Normal serum and \vus 
controls 

Incubation 

Duration of 
fever 

Incubation 

Duration of 
fever 


days 

days 

days 

days 

1. Virus defibrinated guinea pig 

16 

1 

7 

10 

blood 2 cc. 





Immune horse serum 0.5 cc. 

16 

2 

8 

8 

2. Tissue culture virus 0.1 cc. 

11 

4 

5 

10 

Convalescent guinea pig serum 

11 

2 


8 

0.5 cc. 

11 

2 

— 


3. Tissue culture virus 0.1 cc. 

No fevei 

r whatever 

3 

10 

Immime horse serum 0.5 cc. 

11 

1 

5 1 

8 


11 

1 

1 


4. Tissue culture virus 0.05 cc. 

Two “spikes” of 

6 

7 

Convalescent guinea pig serum 

temperature on 



1 cc. 

4th and 14th days 




13 

1 

' 3 

10 


11 

4 

3 

11 


11 

4 




A chart of one of these partial experiments further illustrates the<;£ 
conditions (Chart 4). 

It is clear from the experiments recorded that guinea pigs can 
be immunized against European typhus virus by prelimina?, injec 
tions of mixtures of living virus and protective serum so adjusTed that 
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no experimental typhus results from the injections. It has further 
been shown that when the perfect balance between the two active 
factors is not achieved and a moderate excess of virus is present, the 
serum almost invariably reduces the severity of the infection. 

An important question arises in connection Avitli the serovaccination 
experiments in regard to the fate of the living virus injected in such 
cases. It is quite conceivable that although such virus is neutralized 
by the serum with which it is mixed and thereby prevented from 
causing experimentally determinable infection, it might still remain 



Days 

Chart 4. One of the partial serovaccination experiments. The temperature 
curve represented in broken lines is that of a guinea pig which received, intra- 
peritoneally, 0.1 cc. of tissue culture virus mixed with 1 cc. of homologous con- 
valescent guinea pig serum. That charted in solid lines represents the reaction 
in a guinea pig injected with the same amount of virus mixed with normal guinea 
pig serum. 

alive and convert the vaccinated animals into carriers. The impor- 
tance of such a possibility in connection with any attempts to appl}" 
serovaccination to man is obvious. In attempting to approach this 
problem experimentally we have injected large quantities of brain and 
blood (i- brain plus 4 cc. of defibrinated blood) from a successfully 
serovaccinated animal, killed on tlie 24th day after the vaccination, 
into other guinea pigs. The animals so injected showed no reactions 
whatever. Such tests will require elaboration and, whatever the out- 
come, it must be borne in mind that in this regard particularly no 
generalization from guinea pig experiment to man is permissible. 
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DISCUSSION 

Although, the manner of transmission and the roles played by in- 
sects and by rodents in the dissemination of the typhus fevers is fairly 
well understood, experience has shown that sanitary measures alone 
do not, as yet, suffice to control these diseases when circumstances 
favor epidemic spread. The situation would be materially improved 
were methods available for specific prophylaxis applicable to infected 
populations on an adequate scale. In the case of the Mexican (mu- 
rine) type, vaccine and serum production by methods which depend 
upon the accumulation of Rickeilsiae in rats in which resistance has 
been experimentally reduced have been elsewhere described and are 
giving encouraging results. But while these murine products exert a 
certain degree of overlapping protective action on infection with the 
European virus, their effects in this respect are partial and imperfect. 

WMle, in our opinions, the Weigl louse vaccine is about as effective 
as any that can be at present obtained, it is quite unlikely that a 
vaccine of this kind can ever be produced in quantities large enough 
to be of practical importance in epidemics. 

The experiments above recorded have confirmed the effectiveness of 
formalinized European tissue culture vaccines in the guinea pig experi- 
ment. Such vaccines can be produced on a reasonable scale by a 
trained staff in a well equipped laboratory. Judging from a now 
extensive experience with injections of formalinized murine vaccines 
into man, human application o'f the tissue culture vaccines, with proper 
sterility control, would seem to be without danger. Our own efforts 
at present are being exerted toward the development of methods for 
increased quantity production, in observations on the duration of the 
active immunity obtained in guinea pigs and on the storage periods 
for which the vaccines will remain potent. In the meantime, by the 
now available methods, sufficient amounts of the tissue culture vac- 
cines can be freshly produced for thorough testing in man. 

^ It is nothkely, however that, until one succeeds in increasing quan- 
tity production and in simplifying Rickettsia tissue culture methods 
these vaccines can be freshly produced in amounts adequate to meet 
the serious emergencies of tjqjhus epidemics. It is tHs consideration 
which has encouraged our interest in serovaccination. That such a 
method can be appUed effectively is shown by our experiments It is 
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The demonstration of histopathological changes in tj^phus fever was 
first presented by Fraenkel who, in 1914, described microscopic lesions 
in the gViri of typhus patients. Prowazek, Fraenkel, Otto and Diet- 
rich, Spihneyer, and others found lesions in the central nervous system 
and in other organs. Such lesions were extensively studied by Wol- 
bach, Todd, and Palfrey, whose work is a classic on the subject (1). 

The fundamental picture of a typhus lesion, regardless of its loca- 
tion, consists in a cellular infiltration around blood vessels whose 
endothelium has been damaged. Such damage depends on the actual 
multiplication of the typhus virus in the cells of the endothelium of the 
affected vessel. 

The finding of Rickettsia -prowazeki in the typhus lesion has been a 
matter of considerable difi&culty. Alter the work of Prowazek and 
da Rocha-Lima (1916) it was considered necessary to find intracellular 
organisms in mammals, similar in appearance to those found in the 
cells of the infected louse. 

The first direct demonstration of Rickettsiae in the cells of typhus 
infected men and guinea pigs was presented by Wolbach and co- 
workers (1920-22). They showed that the swollen cells of the endo- 
thelimn of small vessels contained numerous organisms morpholog- 
ically resembling the intracellular Rickettsiae of von Prowazek and 

* This vrork vas partially supported by a grant from the DeLamar Mobile 
Research Fund. 
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da Rocha-Lima. A second important demonstration was presented by 
Mooser (2), who found, in the tunica vaginalis of guinea pigs infected 
with Mexican typhus, cells of mesothelial origin parasitized by a large 
number of organisms identical with the Rickettsia prowazeki. Pinker- 
ton (3) duplicated this finding in guinea pigs infected with European 
typhus. The last mentioned author (4) also found, after considerable 
search, Rickettsia bodies in the cells of the small vessels of the scrotal 
sac. From the cytological changes observed by Mooser in the tunica 
vaginalis of typhus infected guinea pigs (5), Mooser and Dummer (6) 
inferred that Rickettsiae were digested by polymorphonuclear leuco- 
cytes, whicli in turn were then taken up by the mononuclears. The 
nodules formed by the accumulation of the latter cells represent 
according to these authors a healing stage of the typhus lesion. 

As a direct application of these findings Zinsser and Castaneda (7) 
developed a method by which Rickettsiae have been cultivated within 
mesothelial cells in the peritoneal cavity of rats, from which large 
quantities of organisms were obtained. The purified suspensions of 
Rickettsiae have been successfully used in active immunization against 
typhus fever. With rich vaccines a serum has been prepared in 
horses which has prophylactic and therapeutic value (8). 

The purpose of this paper is to present a systematic study of the 
lesions produced in the skin of guinea pigs by intradermal and intra- 
cardial inoculation of the typhus virus. The position of the Rickettsia 
bodies in the lesions is followed at the different stages of the tissue 
reactions. 


Material and TecJmiqjte 

1. The virus used for inoculum was obtained from the tunica vaginalis of guinea 
pigs and from the peritoneum of rats infected with Mexican typhus. 

The tunica vaginalis of guinea pigs killed on the 7th day of the disease was 
washed in a 1/10 dilution of guinea pig serum in saline. The washings were cen- 
trifuged at low speed for a few minutes and the cell-free supernatant inoculated as 
soon as possible. 

Rats were submitted to short wave X-ray radiations, then inoculated with 
typhus virus, and were killed on the 5th day after this injection (7). The peri- 
toneal cavity was washed witli saline or diluted guinea pig serum. The washings 
were centrifuged at low speed and the supernatant fluid, usually very rich in 
Rtckcllsiac, was diluted before inoculation. A rough titration of the rat inoculum 
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was made by smearing a standard loop on a measured surface. The fixed smears 
were stained and the number of organisms counted per oil immersion field. 

The inoculum for the intracardial inoculations was prepared in the same manner 
except for using an isotonic solution of sodium citrate to prevent clotting of the 
peritoneal exudate. 

2. White adult guinea pigs were shaved on the sides and inocxilated intra- 
dermally \^dth 0.2 cc. of the inoculum. The intracardial injections were made 
under ether anesthesia. 

3. The Rickettsia bodies were demonstrated by staining the preparations 
according to the foUovring methods. 

(a) Smears from scrapings of the tissues were treated by the methylene blue- 
safranin method described elsewhere (9). 

{h) The extracellular Rickettsiae were readily stained with the following mixture. 


cc. 

Phosphate buffer solution pH 7.6 (same as that used in (a)) 50 

Formalin (40 per cent) 2.5 

1 per cent alcoholic solution of methyl violet 1 


The smears were fixed by heat and stained for 1 to 5 minutes and washed. 

{c) Staining sections. The tissues are fixed in Regaud’s fluid (one part of 
formalin to five parts of a solution containing 2.5 per cent potassium dichromate 
and 1 per cent sodium sulfate) for 24 hours, washed, and imbedded in paraffin in 
the usual way. Sections cut as thin as possible are stained by a Giemsa solution 
prepared as follows: To a 2.5 to 5 per cent solution of formalin in distilled water 
sufficient acetic acid is added to bring the pH to about 5.5. Usually, for neutral 
formahn, 0.1 cc. of a 1/10 solution of glacial acetic add is enough for 100 cc. of the 
solution. The aridity of commerdal formalin is sometimes such that no addition 
of acetic arid is required. Add to 100 cc. of the acidified formalin solution 2 cc. 
of Giemsa solution and stain the sections for periods of time lasting from 6 to 18 
hours. After staining, the sections are rinsed with water and the excess moisture 
^riped off. They are then rapidly dehydrated with absolute alcohol followed by 
xylol and moimted in cedar oil. 

In OUT experience, many trials are often necessary in order to obtain 
good staining solutions. 

The acid Giemsa solutions are stable and for this reason one bath is 
enough for the entire period of staining. This formalinized Giemsa 
acts, by its acidity, as a restraint upon the tendency of ordinary 
Giemsa to stain the tissues blue. The formalin also serves as a 
mordant for the Rickellsia bodies which are easily detected in the 
faintly stained cytoplasm. An excess of acidity increases the red 
staining vdth poor results. 
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The sections stained for 6 hours show Rickettsia bodies stained blue. 
The nuclei of the cells stain blue. Connective and muscle tissues are 
red and the blood elements retain their ordinary reactions. The 
granulations of mast cells take a brilliant purple. The longest 
periods of staining reveal a similar picture but the blue effect becomes 
deeper and purplish. 

If necessary, the sections may be restained, after washing with xylol 
and alcohol, by a 2 hours immersion in the formalinized Giemsa solu- 
tion. 

Microscopic Lesions Produced by Intradermal Inoculation of Mexican 

Typhus Virus 

With the exception of a few guinea pigs which did not react after the 
intradermal inoculation of tunica washings from typhus guinea pigs, 
the rest of the animals, treated with guinea pig or rat material, showed 
reactions at the site of inoculation, which varied in intensity according 
to the numbers of Rickettsiae inoculated. A moderate inoculum, as 
in the case of guinea pig tunica scrapings, produces an immediate 
congestive reaction which invariably fades in the next few hours. 
However, from 24 to 48 hours later the local inflammatory reaction 
becomes definitely conspicuous doubtless due to its progress, which 
continues to develop in intensity for the subsequent 2 to 4 days. This 
is followed by an induration of the skin, which may last for about 2 
weeks after the inoculation. In mild cases the lesions may disappear 
within a week, but in strong reactions the inflamed skin may become 
ulcerated in the center, which retards the healing of the lesions. The 
size of the swollen and congested wheals varies from 1 to 2.5 cm. in 
diameter. 

When the inoculum is prepared from typhus infected rats, the 
reactions are usually of the more intense type and are apparent 24 
hours after the inoculation. 

The lesions described above have been found in a large number of 
guinea pigs. Such lesions have not been observed after the inoculation 
of brain or serum from typhus infected animals. 

General Symptoms . — In addition to the local reaction at the site of 
the injection of t>phus virus, the guinea pigs show an elevation of 
temperature w’hich may appear as early as 48 hours after the inocula- 
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tion. The temperature is usually moderately elevated and maintained 
for short duration. A few animals had fever which lasted over a 
week, while others did not show fever at all, particularly those pre- 
senting mild skin reactions. 

Microscopic Fmdings 

The peritoneal washings of typhus infected rats were the inoculum used for the 
production of the skin lesions described in this study. 

\Miite guinea pigs were shaved on the sides and inoculated intradermally in 
several different places, usually four to six, and the site of cutaneous inoculation 
was removed^ at intervals of 24 hours. Two guinea pigs were usually prepared for 
each series of skin lesions. Part of the removed skin was scraped, smeared, and 
stained by the methylene blue-safranin method for direct examination. The rest 
of the skin was fixed in Regaud’s fluid and prepared by the usual methods for sub- 
sequent sectioning and staining with the formalinized Giemsa solutions according 
to the technique already described. 

Results of the Direct Exautinaiioji, — ^Thie examination of the smears 
made from scrapings of the removed skin showed few or no Rickettsiae 
24 to 48 hours after inoculation. After 72 to 96 hours, intracellular 
and extracellular Rickettsia bodies were foimd in relatively large 
numbers. Polymorphonuclear leucocytes, some of which contained 
phagocyted Rickettsiae, were also foimd, an observation frequently 
seen in smears from the timica of guinea pigs and the peritoneum of 
rats infected with t 3 T>hus. From the 5th day on, the finding of 
Rickettsiae in the scrapings of the skin lesions was more and more 
difficult until their complete disappearance on about the 8th day. 

Examination of the Sections— At the site of the inoculation, the 
epidermis is interrupted and its place is infiltrated by a considerable 
number of polymorphonuclear leucocytes. This focal infiltration 
may be seen as early as 24 hours after the inoculation and it gradually 
increases in intensity to be subsequently displaced by the usual 
reparative processes. In other skin lesions studied, no local infiltra- 
tion appeared in the epidermal region. There is no evidence of 
Rickettsia bodies in the zone of infiltrating pol^miorphonuclears at the 
epidermis. These cells appear mostly degenerated. 

The corium, subdermis, and usually the muscularis, show various 

^ Under ether anesthesia. 
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are frequently found, also small vessels with their lumen occluded 
by a swollen cell filled with Ricketisiae. 

The criteria for the diagnosis of Rickettsiae in our sections have 
consisted either in the finding of typical Mooser’s cells or the cells of 
blood vessels showing the organisms sufficiently clearly to exclude the 
possibility of confusion with granular material of cellular origin. 

We have been unable to obtain any evidence of Rickettsia bodies in 
arteries and lymphatic vessels. 

It is interesting to note that one frequently finds veins occluded to 
variable degrees by mural thrombi. Such thrombi are formed by 
fibrin lined by a layer of endothelium. The search for Rickettsiae in 
such veins has not been successful. 

On the 4th and particularly on and after the 5th day subsequent 
to inoculation there are recurrences of pol 3 anorphonuclear infiltration. 
Here and there one may see small foci of these cells on the 4th day. 
When observed under oil immersion, one frequently finds such foci 
adjacent to swollen cells of the capUlaries. 

Some of the infiltrations around small vessels may show a prevalence 
of polymorphonuclear leucocytes or may be entirely formed by these 
cells. In such cases the vessels are found greatly degenerated. 

Interspaced areas of polymorphonuclear leucocytes of considerable 
size may be foimd within the mononuclear phagocytic infiltration 
of the subdermis. (Sometimes one may find veins surrounded by 
mononuclear phagocytes showing within their lumina a number of 
polymorphonuclears adhering to the walls of the vessels.) 

In searching for Rickettsiae, the organisms are more frequently 
found in places with little or no polymorphonuclear infiltration. 
With the increase in the poljTnorphonuclears there is diminution in 
the numbers of jRtcie//5m-contaming cells. When a nodular formation 
shows an abscess-like appearance Rickettsiae are seldom found. 

After the 5th day, the mononuclear phagoc}i;ic infiltration again 
predominates and remains as such thereafter. It is difficult to follow 
the evolution of the nodular formations. However, in view of the 
considerable phagocytosis of polymorphonuclear leucocj'tes by macro- 
phages, one may infer that the pol3miorphonuclears are partly disposed 
of by phagocytosis and some are returned to the circulation by way 
of the lymphatics which, as was pointed out, are found to be filled with 
cells as early as the 4th day after the inoculation. 
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formed around the larger vessels and within the dense infiltration of 
the vascularis (the parasitized cells are usually traced to a capillary 
wall); and (c) less frequently the organisms are found within the 
swollen cells of arterioles and small veins. The organisms disappear 
gradually from the zones of increasing polymorphonuclear infiltrations, 
suggesting that the presence of such polymorphonuclears is due to the 
bursting of the infected cells. 

In the artificial lesions produced in the skin by the inoculation of 
considerable numbers of Rickettsiae, the tissue reactions are abnormally 
enhanced. One can see in the same slide different stages of the 
development of the lesions and their relationship to the infecting 
agent. The early perivascular infiltration by mononuclear phagocytes 
does not seem to be related to an actual infection of the endothelial 
lining by the inoculated virus, but seems rather, when properly 
controlled, to be primarily due to a nonspecific type of response. 
The capillaries or small vessels within these infiltrated zones may 
become parasitized and call forth a polymorphonuclear reaction 
which may thus transform the c3rtological picture of the nodule. 
The subsequent migration of macrophages terminates the histological 
sequence. 

In capillaries apart from areas of cellular infiltrations, the poljonor- 
phonudear reaction is first to appear, when the Rickettsiae are liber- 
ated from the cells. 

One cannot safely generalize from the resrdts observed in an artificial 
typhus lesion, but in the light of these observations, it is probable that 
the Rickettsia bodies are difficult to find in typhus patients or infected 
animals because they disappear rapidly from the nodules, or perhaps 
because some nodules are not necessarily related to an infected endo- 
thelium. At any rate, a late typhus lesion is not likely to reveal 
Rickettsiae which most probably have been removed by the early 
polymorphonudear invasion. 

CONCLUSIONS 

The Mexican typhus virus is capable of producing a local inflam- 
matory reaction when injected intradermally into gumea pigs. 

Rickettsia bodies are easily found in the skin lesion, particularly in 
the walls of capillaries, in places of little or no cellular reaction, in the 
early stages of the disease. 
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Fig. 4. Perivascular infiltration by mononuclear phagocytes on the 4th day. 
Capillaries containing Rickettsia bodies are marked with arrows at the periphery 
of the infiltration . X 600 . 

Fig. 5. Nodule on the 5th day. Notice increase in polymorphonuclear leuco- 
cytes. The small vessel (arrow) is swollen and occluded. No Rickettsiae were 
found. X400. 

Fig. 6, Nodule on the 6th day. Notice the damage of the blood vessels and 
cellular elements. There is phagocytosis of polymorphonuclear leucocytes by 
macrophages. X400. 

Plate 40 

Fig. 7. Mononuclear phagocytic nodules in the sub dermis. 10 th day lesion. 
No Rickettsiae were found. Low power magnification. 

Fig. 8. 4th day lesion. Dense infiltration by mononuclear phagocytes and 
polymorphonudears. Notice large vein with mural thrombus of fibrin covered 
by proliferating endothelium. No Rickettsiae were found in the cells of this vein. 
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PROWAZEKI 

By M. RUIZ CASTANEDA, M.D. 
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School^ Boston) 

(Received for publication, June 23, 1936) 

In a former paper^ we reported on the reactions produced in the skin 
of normal guinea pigs after the intradermal inoculation of Mexican 
typhus Rickettsiae. The local reactions resulting from such treatment 
afforded an opportimity to follow the agent of typhus fever through 
the different stages of the development of the lesion. The possibilit)^ 
that Rickettsiae disappear from the typhus lesion because of an early 
phagocytosis by pol3maorphonuclear leucocytes was discussed. 

In the present paper we are reporting certain results which follow the 
intradermal inoculation of live and killed Mexican Rickettsiae into 
typhus immune animals. In addition, toxic reactions produced in the 
skin of normal men and guinea pigs upon the injection of formalinized 
Rickettsiae are described. 

Materials and Technique 

The material referred to as Uve Rickettsia suspensions, was prepared according 
to the methods reported previously.^ The suspensions of washed Rickettsiae 
were obtained from rats exposed to X-ray radiation and subsequently infected 
with t>T)hus virus. The animals were killed on the 5th day after the inoculation 
and the peritoneum washed with an isotonic solution of sodium citrate. These 
washings were mixed with an equal amount of normal guinea pig serum which 
had been diluted 1/3 in saline. The serum prevents the rapid deterioration of the 
typhus virus which occurs when it is suspended in saline only. The cells and 

* This work was partially supported by a grant from the DeLamar Mobile 
Research Fund. 

^ CasUneda, M. R., J. Exp. Med., 1936, 64, 689. 
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TABLE n 

Jnlrademal Inoculation of Mexican Typhus Virus into Guinea Pigs at Various Intervals of Time after the First Typhus 

Inoculation 
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mune animals. The lesions are more severe in the normal guinea pig. 
The inoculation of large doses of virus produces reactions which are 
usually of the same intensity in animals immune to both types of 
typhus. However, it has been observed that, when a moderate 
inoculum was used as a test dose, the European typhus immune guinea 
pig develops stronger reactions than the Mexican typhus immune 
animals. 

After a first inoculation with typhus virus, variations in the reactions 
to the intradermal test depend upon intervals between the injections 
and the quantity of the inoculum. Table H summarizes the results 
obtained in two series of Mexican typhus immune guinea pigs tested 
at periods of time ranging from 5 to 69 days after the first typhus 
infection. The second series were tested at the same time with tunica 
washings and rat peritoneal washings. Two Eiuropean typhus im- 
mune guinea pigs are included in the second series. The negative 
results of the control injections with guinea pig and rat sera are 
omitted from the table in order to save space. 

Table H indicates that typhus immime guinea pigs begin to react 
with an accelerated type of reaction after the 15th day from the nrst 
administration of the virus. Dtuing the first 10 days after the infec- 
tion the animals tested with a strong inoculum may react in a m ann er 
similar to that produced by a mild inoculum in normal animals. 
There is a short period of time, from the 10th to the 15th day, in which 
the animals develop no significant reactions at the site of the test 
inoculation. 

The accelerated skin reaction shown by the immune animals has 
been produced several times in the same animal at intervals of time 
varying from 5 to 30 days between the tests. In case of repeated tests 
with rat material, care was taken to avoid confusion with the reactions 
due to the development of dermal sensitivity to rat protein. 

Sunival of the Typhus Virus in the Local Lesion Produced by Intradermal 
hioculation into Typhus Immune Guinea Pigs 

The skin, at the site of the inoculation of Mexican Rickettsiae into 
typhus immune guinea pigs was removed at 24 hour intervals. The 
removed skin was emulsified in saline and inoculated intraperitoneally 
into normal male guinea pigs. The results of such experiments, as 
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indicated in Table III, have shown that the virus remains alive in the 
skin of the immune animals for 72 hours after the inoculation. How- 
ever, in the Mexican typhus immune 1-84, in which guinea pig tunica 
washings were inoculated, the virus disappeared sooner than in the 
similarly treated European immune animal. 


" TABLE in 

Survival of Mexican Typhus Virus in the Local Skin Lesion Produced by Inlradcrmal 
Inoculation into Immune Animals 


Guinea 
pig No. 

Type of 
virus immu- 
nization 
and days 
after ^ 

inoculation 

Date of 
skin test 

Inoculum 

Re- 

moval 

of 

skin 

Results of the intrapcritoneal 
inoculation of the removed skin into 

1 male guinea pigs 



1936 


hrs. 


1-66 

European 

Jan. 4 

Guinea pig 

24 

Guinea pig 2-00 — Positive with 


28 days 


tunica 


scrotal swelling on the 7th day 





48 

Guinea pig 1-60 — Positive with 






scrotal swelling on the 6th day 

1-84 

Mexican 

tt (( 

H <t 

24 

Guinea pig 1-33 — Positive with 


36 days 




scrotal swelKng on the 13 th day 





48 

Guinea pig 1-59 — ^Negative 

3-91 

European i 

Mar. 5 ! 

Rat peritoneal 

48 

Guinea pig 3-71 — Positive with 


43 days 


exudate 


scrotal swelling on the 6th day 





72 

Guinea pig 3-70 — Positive with 






scrotal swelling on the 7th day 

3-38 

European 

Apr. 2 

(( tt 

96 

Guinea pig 9-6 — Negative 


73 days 





4-87 


(C (( 

tt tt 

48 

Guinea pig 9-7 — Positive with 


26 days 




scrotal swelling on the 9th day 





72 

Guinea pig 8-4 — Positive with 






scrotal swelling on the 13th day 


Microscopic Examiiialion of ike Skin at the Site of the Inoculation of 
Typhus Virus into Immune Guinea Pigs 

The skin at the site of the reaction was removed at intervals of 24 hours after 
the intracutaneous inoculation of typhus virus into immune guinea pigs. Sections 
were prepared and stained by the formalinized Giemsa solution, as described in 
the previous paper.' 24 hours after the inoculation, an infiltration by poly- 
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morph onuclear leucocytes was noted which was similar to that observed in normal 
animals. At 48 hours, the corium and vascularis vrere moderately infiltrated by 
mononuclear phagocy^tes and pol>Tnorphonudears. During the foUov-ing days 
the infiltration became less marked, contrasting vrith that seen in normal guinea 
pigs where the cellular reaction continued to increase after 48 hours. Micro- 
scopically, Ricketlsiac in the skin lesions of immune guinea pigs have not been 
demonstrated. 


TABLE IV 

Iniradcrmal Injection of Heat-Killed Rickettsiae into Guinea Pigs {Normal and 

Typhus Immune) 


Guinea 
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History 
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— 
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Rat serum 1/10 


Iniradermal Injection of Killed Rickettsiae into Normal and Immune 

Guinea Pigs 

i. Heat-Kxlled Rickettsiae, The material used as live Rickettsiae inoculum, 
which has been conveniently dUuted in order to obtain a maximum of about 20 
organisms per oil immersion field, was heated at 60°C. for 1 hour. The inoculation 
into normal and immune guinea pigs of the heated and unheated material gave the 
results recorded in Table IV. 

This experiment shows that the heating at a temperature slightly 
over the minimum necessarj^ to kill the Rickettsia bodies, not only 









OSes 0 






II. RtnZ CASTANEDA 


709 


renders the virus innocuous toward the normal guinea pig, but prevents 
the development of the skin reaction produced in the immune animals 
by the unheated material. 

WTien rich suspensions of washed Rickettsiae are heated for 1 hour 
at 60°C., the results of the intradermal inoculation into normal and 
immune animals are as shown in Table V. In this experiment the 


TABLE VI 

Intradermal Inoculation of Heated and Unhealed Suspensions of Formatinized 
Rickettsiae into Normal and Immune Guinea Pigs 
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effect of 20 live washed Rickettsiae per oil immersion field is compared 
vith that of various suspensions of heat-killed Rickettsiae containing 
1000, 100, and 50 organisms per oil immersion field. 

^ As it may be seen in Table V, the heated Rickettsiae produced no 
significant reactions in either normal or immune animaU even when 
injected in relatively large doses. 
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the normal animal. The typhus immune guinea pig showed a slight 
reaction of short duration to both heated and unheated Rickettsiae. 
The results of an attempt to titrate what seemed to be a toxic effect 
of the unheated formalinized Rickettsiae are noted in Table VII. In 
this experiment various dilutions of heated and unheated formalinized 
Rickettsiae were injected into normal and immune guinea pigs. The 
readings indicate the diameter of the wheals in millimeters. 

If one considers the 10 mm. reactions as indicating a definite reaction 
there appears to be a difference between the readings in the normal and 
the immune animals' to suggest a degree of resistance on the part of 
the immune guinea pig toward the toxic effect of the unheated emul- 
sions. 

The toxicity of the unheated formalinized Rickettsiae is apparently 
due to a heat labile substance contained in the Rickettsia bodies. This 
is shown by the fact that the peritoneal exudate from tj^hus infected 
rats has no toxic effect, when the formalinized Rickettsiae are removed 
by high speed centrifugation. The formalinized Rickettsia suspensions 
which have been kept for a month in the ice chest, have been centri- 
fuged and both fractions compared, with the result that the resus- 
pended Rickettsiae were still toxic while the supernatants were in- 
active. 

The effects of the formalinized Rickettsia suspensions upon human 
beings have been studied in a small group of persons, some of whom 
had a definite history of typhus infection. 

The unheated formalinized Rickettsiae produced, in normal volim- 
teers, a reaction sunilar to that observed in the normal guinea pig. 
This reaction consisted in an area of congestion 2 or 3 cm. in diameter, 
which appeared 24 hours after the intradermal test and faded on the 
3rd day. The heated formalinized Rickettsiae, injected as a control, 
produced no reaction. 

The injection of formalinized Rickettsiae into persons of known 
typhus history has shown irregular results. One person who had 
typhus fever in 1929 showed a strong reaction lasting 5 days, to both 
the heated and unheated Rickettsiae. Another immune individual 
who had typhus fever in 1929 showed no reaction to the heated mate- 
rial and a very slight congestion at the site of the injection of unheated 
Rickettsiae. Some immune people tested by Dr. H. Naterman, in the 



712 


MECHANISM OF IMMUNITY IN TYPHUS FEVER. H 


Beth Israel Hospital did not react to a suspension of the unheated 
Rickettsiae which had produced a reaction in normal persons tested at 
the same time. Goodman and Brodie- found persons of known t}^hus 
history who reacted to the intradermal inoculation of formalinized 
Rickettsiae, while their controls did not react. In a recent visit to this 
laboratory, Dr. Brodie informed us that in experiments with a fresh 
lot of typhus vaccine sent by Dr. Zinsser, he found positive reactions 
in normal individuals as well as t)^hus immune persons. Likewise 
occasionally an individual who had recovered from typhus failed to 
exhibit the reaction. 


DISCUSSION 

As was shown in a previous paper, the intradermal inoculation of 
Mexican typhus Rickettsiae into normal guinea pigs produces an 
inflammation of the skin at the site of injection. This lesion usually 
be^ns 48 hours after a moderate inoculum and lasts for about 10 days. 
Rickettsia bodies may be readily found in the swollen cells of the 
vascular endothelium. The results obtained in the experiments 
described in the present paper reveal that the typhus immune guinea 
pig develops a local reaction, similar in its appearance to the lesions 
observed in normal animals. The reaction in the immune animal 
usually begins 24 hours after the inoculation, reaches its maximum 
intensity in from 24 to 48 hours; but contrary to what is observed in 
the normal guinea pig, the inflammation fades on the 4th or 5th day 
after the injection. As in the case of the normal animals, the intensity 
and constancy of the reaction depends on the richness of the inoculum. 

The intradermal inoculation of typhus virus into guinea pigs at 
various intervals of time after the first typhus infection shows that 
during the first 10 days a rich inoculum produces reactions which 
resemble the lesions observed in normal animals. From the 10th to 
the 15th day there is little or no reaction at the site of inoculation. 
From the 20th day on the skin reactions, with the characteristics 
described above, are constant in Mexican and European typhus 
immune guinea pigs. The test has been repeated at intervals of 5 to 30 
days in the same animal, with positive results. For this purpose, 

Goodman, C., and Brodie, M., Proc, Soc. Exp. Biol and Med., 1935, 32, 1332. 
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guinea pig tunica washings and rat peritoneal washings were alter- 
nately used as inoculum in order to avoid the repetition of rat material. 

The skin removed from the site of the reaction showed that the virus 
may be recovered 72 hours after the test in the immune guinea pigs. 

The fact that the virus heated at 60°C. for 1 hour loses its property 
to produce a local reaction, together with the survival of the Rickettsia 
bodies in the immune animals, is an indication that such reactions are 
stimulated by the living virus and are not the mere result of an allergic 
response to Rickettsia constituents. The beginning of the reaction 
after a period of incubation of 24 to 48 hours; the acute inflammatory 
reaction observed in sections of the skin, as well as the variations in 
the intensity and duration of the lesions according to the intervals 
between the first infection and the test, suggest that such reactions 
may be due to a partial state of immunity as is the case in Koch’s 
phenomenon and in the “accelerated takes” in smallpox vaccination of 
imm une persons. 

The difierence in the intensity of the reactions presented by the 
Mexican and European immune animals, together with the apparently 
longer survival of the virus in the European typhus recovered guinea 
pig, indicate that the latter possesses a weaker state of immunity 
toward Mexican Rickettsiae. This observation is in accord with other 
immunological and pathological differences found in both types of 
t5rphus virus. 

The intradermal injection into typhus immune guinea pigs of rich 
suspensions of heat-killed or formalinized Rickettsiae, produces no 
significant reactions, even in numbers hundreds of times those required 
to develop a strong reaction with live Rickettsiae. 

When normal guinea pigs are intradermally injected with suspen- 
sions of formalin-kiUed Rickettsiae, there is a congestion and sweUing 
of the skin at the site of the injection, which appears 24 hours after the 
test and usually lasts 48 hours. A similar reaction has been observed 
in several normal men without typhus history. A minirmim of 50 
to 100 Rickettsiae per oil i m mersion field seem to be necessary to 
produj:e the reaction. The heating of the formalinized Rickettsiae 
at 70°C. for 30 minutes renders the suspensions inactive when intra- 
dermally inoculated into normal men and guinea pigs. 
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The results of the intradermal inoculation into the few immune 
persons available in Boston have shown that heated or unheated 
formalinized Rickettsiae produced an allergic reaction in one immune 
person who had Mexican typhus, acquired in this laboratory in 1929; 
another with a similar history showed a slight reaction to the unheated 
Rickettsiae. However a few individuals tested with unheated forma- 
linized Rickettsiae in the Beth Israel Hospital showed no reaction at all. 

The reactions observed in normal persons and guinea pigs are 
probably due to the toxicity of the Rickettsia bodies. The toxic 
substances remain active in the formalinized suspensions at least 1 
month, but are easily destroyed by heat. 

Further studies of a combination of the allergic and toxic reactions 
may be of advantage in the detection of typhus immune persons. 

SUMMARY AND CONCLUSIONS 

The intradermal inoculation of Mexican typhus virus into immune 
guinea pigs produces a local reaction wiiich is similar in its appearance 
to the lesion observed in the skin of normal animals submitted to the 
same treatment. The reaction in the immune animal appears earlier 
and fades sooner than the lesion in the normal guinea pig. 

The inoculation of heat-killed or formalin-killed Rickettsiae produces 
no significant reactions at the site of the intradermal injection in 
typhus immune guinea pigs. 

The virus, inoculated intradermally, has been recovered from the 
local lesion 72 hours after the injection into typhus immune guinea 
pigs. 

Normal guinea pigs and persons without a history of typhus fever 
present a congestion and some swelling of the skin at the site of the 
intradermal injection of formalinized Mexican Rickettsiae. The 
reaction appears 24 hours after the inoculation and fades within 48 
hours. Heating the formalinized Rickettsia suspensions at 70°C. 
for 30 minutes renders them inactive in normal men and guinea pigs. 

From the experiments reported in this paper it seems that the 
reactions observed in typhus immune guinea pigs submitted to a 
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second inoculation of typhus virus, belong to the group of reactions 
presented by tuberculous animals (Koch’s phenomenon) and the 
accelerated takes shown by immune persons submitted to revaccina- 
tion with vaccinia virus. 

A heat labile substance has been demonstrated in the formalinized 
Rickettsia bodies, which produces a reaction in the skin of normal 
men and guinea pigs. 




STUDIES ON THE SENSITIZATION OF ANIMALS WITH 
SIMPLE CHEMICAL COMPOUNDS 

in. Anaphylaxis Induced by Arsphenamine 
By K. LANDSTEINER, M.D., and JOHN JACOBS, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, June 22, 1936) 

Reference has been made in a previous paper (1) to the work of several authors' 
(Swift, Frei, Sulzberger, Mu) on sensitization to arsphenamine and neoarsphen- 
amine. In most of the communications skin lesions or “flare ups” at the site 
of old injections were described. Of 19 animals given intraperitoneal or intra- 
venous injections of neutralized arsphenamine mixed with guinea pig serum 
Swift (2) observed, on reinjection of a similar mixture, “symptoms like those seen 
in anaphylaxis;” one animal succumbed in 10 minutes, and two others after some 
hours. Arsphenamine alone, without serum, did not seem to sensitize. KoUe 
and Rothermund (3) after unsuccessful attempts obtained positive results by 
sensitizing with very small quantities of neosalvarsan and observed acute death 
with symptoms which had “a certain similarity to anaphylactic shock” (trans- 
lated). These experiments, briefly mentioned in a discussion on allergy, have 
not, to our knowledge, been published in detail. 

Lauf (4) injected neosalvarsan solutions without serum subcutaneously and 
upon intravenous reinjection observed severe anaphylactic symptoms in perhaps 
15 per cent of the animals and in others slight symptoms, but in no instance did 
death occur in anaphylactic shock. The most striking results were obtained after 
a rest period of 6 months. 

Working with the guinea pig uterus (Schulz-Dale method) KaUos and Kall6s- 
Deffner (5) foimd that reactions occurred in 7 of 11 cases after previous subcu- 
taneous treatment with horse serum-arsphenamine mixtures. For the tests, also, 
serum mixtures were used. Anaphylactic experiments other than those with the 
Schulz-Dale method are not mentioned. According to the authors, sensitization 
could be transferred passively. 

Bimbaum (1934), who gives a comprehensive review of the literature (6), 
concludes that there is no proof for the assumption that skin manifestations in 
human beings following administration of arsphenamine are true allergic effects, 
and casts doubt on the reports concerning passive transfer of arsphenamine hjrper- 
sensitiveness. With regard to animal experiments he remarks that “it has never 
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been possible, even with large doses of arsphenamine, ... to produce anaphylactic 
shock” (translated). 

On account of the irregularity of effects, as recorded in the literature, 
and the differences between results of various investigators, attempts 
directed toward improving the technique were thought to be desirable. 

We found that, with a suitable method, intense local hypersensitive- 

TABLE I* 

Sensitization effects in two batches of guinea' pigs similarly treated nlth one 
intracutaneous injection of 0.15 mg. arsphenamine, not neutralized, and neo- 
arsphenamine, respectively, in 0.1 cc. saline; tested after an interval of 1 month 
with the respective substances. 


No, 

Animals sensitized to and reinjected 
with arsphenamine 

No. 

1 

Controls 

1 

22, p.p.“p., cl., necr.c. 4 

7 

6, p.p., el. 


2 

12, p., el., necr.c. 3 

8 

6, p.p., el. 


3 

9, p., el., necr.c. 3 

! 9 

7, f.p., sl.el. 


4 

26, p., swol., necr.c. 3 

mSm 

5, p.p., el. 


5 

; 18, p., el., necr.c. 3 

BH 

5, f.p., cl. 


6 

19, p.p., el., necr.c. 3 

mm 

5, f.p., el. 


No, 

Animals sensitized to and reinjected 

with neoarsphenamine | 

i 

No. : 

Controls 

13 1 

5, p.p., sl.el. 

19 1 

6, f.p,, el. 


14 ' 

5, f.p., sl.el. 1 

20 

6, a.cls., fl. 


IS 

4, axis., sl.eL 

21 

5, f.p., el. 


16 

a.neg. 

22 

4, f.p., sl.el. 


17 

5, f.p., cl. 

23 

6, p.p., sl.el. 


18 

6, p., el. 

24 

6, p.p., sl.el. 



*The following abbreviations are used: almost colorless (a.cls.), faintly pink 
(f.p.), pale pink (p.p.), pink (p.). Other designations are: almost negative 
(a.neg.), flat (fl.), slightly elevated (sl.el.), elevated (el.), necrotic center (necr.c.). 

The figures give diameters of the lesions in millimeters. 

ness could regularly be obtained (1). With arsphenamine solutions, 
not neutralized, practically all sensitized animals gave conspicuous 
lesions consisting of rather large pink elevated areas almost regularly 
with central necrosis. Wdien compared with effects produced by 
neoarsphenamine, it appeared that arsphenamine had a distinctly 
greater sensitizing capacity. This is evidenced by the experiment 
given in Table I. 
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Strongly positive skin reactions to arsphenamine were observed in 
seven experiments with more than 50 animals which in part are shown 
in Table 11. On the first injection only faint to pale pink lesions were 
produced, with a diameter of 4-7 mm. 

These observations prompted attempts to. produce anaphylaxis in 
animals sensitized by this method. Preliminary experiments indicated 
that several injections extending over a rather long period were 
effective; the technique developed was as follows. 

Guinea pigs were given 2 intracutaneous injections of 0.15 mg. arsphenamine, 
not neutralized, in 0.1 cc. saline a month apart and 3 weeks later injected intra- 
venously with a solution of 10 mg. arsphenamine in 0.1 cc. saline and 0.09 cc. 
n/ 1 NaOH, made up to 1.0 cc. with normal guinea pig serum. In those animals 
which did not succumb to the first intravenous injection the dose was repeated 
after 3 weeks. 

The results obtained with three batches of guinea pigs treated with 
the same brand of arsphenamine and by the same method, are given in 
Table II. 

About half of the animals died in t}q)ical anaphylaxis on either the 
first or second injection, while stUl others presented distinct symp- 
toms. It may be of interest to note that the number of guinea pigs 
with no or very slight symptoms, or those which died in shock, was 
greater than the number of animals showing sympto m;; of medium 
degree. 

Of 50 controls injected intravenously in the same way as the animals 
previously treated, 35 showed no symptoms at all, 13 gave coughs, and 
2 were slightly sick. The following drops in temperature of 0.5°C. or 
more were shown by one animal each; —0.5°, —0.6°, —0.7°, —1.2°, 
and —1.4°. 

WTien, in another batch of sensitized annuals, instead of a guinea 
pig serum-arsphenamine mixture 5 mg. of arsphenamine, not neutral- 
ized, was injected intravenously again some of the animak suc- 
cumbed with anaphylactic symptoms, seeming to indicate that serum 
admixture is not necessary for the success of the experiment (Table 
III). WTiether it offers a distinct advantage remains to be inves- 
tigated in more extensive experiments. 

In all, of 56 treated guinea pigs, 30 died in typical anaphylaxis, and a 
number of others showed distinct sjTnptoms, whereas, as already 
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SENSITIZATION WITH CHEMICAL COMPOUNDS. Ill 


indicated, none of the 50 controls injected in the same manner as the 
treated guinea pigs died or developed severe symptoms. 

TABLE II 


Combined table. Sensitization with arsphenaminc (Winthrop Chemical Com- 
pany). The second column gives the diameter of the skin lesions in millimeters* 
Figures in parentheses indicate change in temperature (°C.). 


No. 

Second 

intracu- 

First intravenous injection 

Second intravenous injection 

taneoas 

injection 

Symptoms 

Symptoms 

25 

inm. 

22 

None (-0.1) 

None (0) 

26 

22 

“ (-0.9) 

“ (-0.5) 

27 

14 

Slight (-1.9) 

t 7 min. 

28 

17 

“ (-1.0) 

t8 “ 

29 

23 

1 19 min. 


30 

18 

Slight (-1.1) 

Slight (-0.5) 

31 

16 

None (—0.4) 

t 8 min. 

32 

7 

“ (0) 

Moderate (+0.2) 

33 

14 

Slight (-2.7) 

Severe (—3.7) 

34 

21 

“ (-1.8) 

None 

35 

20 

' 1 6 ulin. 


36 

22 

t3 « 


37 

10 

Moderate (—1.6) 

Slight (0) 

38 

25 

t 20 min. 


39 1 

21 

Moderate (—1.0) 

None (+0.2) 

40 

15 i 

1 5 min. 

41 

25 

t7 » 


42 


t4 “ ‘ 


43 


Slight (0) 

t Overnight 

44 


t 38 min. 


45 


None (+0.1) 

None (0) 

46 

H9 

” (0) 

“ (0) 

47 


1 19 min. 

48 

BH 

None (0) 

None (+0.2) 

49 

IHl 

1 4 min. 


t Designates death. Animals dying in a short time all showed the typical pic- 
ture (lungs inflated, heart beating) on autopsy. 


In a similar experiment with 5 animals an arsphenamine preparation, procured 
from the Abbott Laboratories, was used. In this lot 2 animals died on the sec- 
ond intravenous injection. 

A point of special significance is that in the experiments reported a 
synthetic chemical substance, without being used in chemical combina- 
tion w’ith protein, produces skin sensitization as well as the anaphy- 
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lactic state. It will be of interest to follow up the mechanism of this 
sensitization. 

TABLE m 

Sensitization effects in a batch of guinea pigs treated with two skin injections a 
month apart of 0.15 mg. arsphenamine, not neutralized, OVinthrop Chemical 
Company) and 3 weeks after the second injection, injected intravenously with 
5.0 mg. of the same preparation in 1.0 cc. saline. The second, similar intravenous 
injection was given 3 weeks after the first. Figures in parentheses indicate change 
in temperature (°C.). * 


No. 

First intravenous mjcction 

No. 

Second intravenous injection 

Symptoms 

Symptoms 

50 

SUght(-3.5) 


None (0) 

51 

None (0) 


Moderate (—1.0) 

52 

“ (-0.1) 


Coughs (0) 

53 

t 8 min. 



54 

SUglit(-2.5) 


1 16 min. 

55 

Moderate (—4.4) 


t51 » 

56 

None (0) 


Coughs (+0.1) 

1 

Controls ' 


Controls 

57 

None (—0.1) 

64 

None (0) 

58 

“ (+0.1) 

65 

“ (+0.2) 

59 

“ (+0.2) 

66 

“ (+0.1) 

60 

“ (+0.1) 

67 

“ (0) 

61 

“ (-0.1) 

68 

“ (0) 

62 

“ (0) 

69 

“ (+0.1) 

63 

“ (0) 


“ (0) 


STJMMARY 

Experiments are described which show that with a given treatment 
guinea pigs can be sensitized to arsphenamine, so that a considerable 
percentage die in anaphylactic shock on intravenous administration 
of the substance. 
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■ AN ACQUIRED RESISTANCE OF GROWING ANESIALS TO 
CERTAIN NEUROTROPIC VIRUSES IN THE ABSENCE 
OF HUIMORAL ANTIBODIES OR PREVIOUS 
EXPOSURE TO INFECTION* 

By peter K. OLITSKY, M.D., ALBERT B. SABIN, M.D., akd 
HERALD R. COX, Sc.D. 

(From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, June 22, 1936) 

The 'widespread inununization of a susceptible, growing population 
as a result of exposure to various infectious agents is well known. 
The purpose of this communication, however, is to present evidence 
that certain animals may with increasing age acquire resistance to 
peripheral inoculation with some neurotropic viruses without any 
previous exposure to infection and in the absence of demonstrable 
humoral antibodies. 

In the course of experiments with the virus of vesicular stomatitis 
in mice, certain irregularities in susceptibility were observed when the 
virus was injected by routes other than the intracerebral, and it was 
conjectured that some of the variations might be due to a lack of 
uniformity in age among the animals used. A series of experiments 
was then undertaken to test quantitatively the incidence of morbidity 
and death among mice of known age following inoculation of this virus 
by various routes. The study was subsequently extended to include 
similar tests with other viruses. 

Animals and Methods 

Unless designated otherwise the mice used in this investigation are generally 
referred to as The Rockefeller Institute albino strain. WTiile they do not represent 
a pure genetic strain they have been inbred at this Institute for about 24 years. 
Mice of known age w’ere therefore readily available. Their weight was not a 
reliable criterion by itself, since it varied with the number of mice in a litter and 

* Preliminary report given at meeting of American Association of Pathologists 
and Bacteriologists, April, 1935; for abstract see Am, J.-Path,, 1935, 11, 839. 

723 



724 


ACQUIRED RESISTANCE TO NEUROTROPIC VIRUSES 


Other conditions. These mice had no opportunity for exposure to the viruses 
under investigation until used. Intracerebral injections were given under ether 
anesthesia, while intranasal and other peripheral inoculations were made without 
anesthesia. Suspensions of virus were usually prepared from fresh tissue in 
broth, unless otherwise stated. The supernatant liquid of a 10 per cent suspen- 
sion, after horizontal centrifugation at about 2000 r.p.m. for 10 minutes, was 
taken to represent a virus dilution of 1 : 10, from which further tenfold dilutions 
were prepared in broth, always using a sterile pipette for each new dilution. 

Experiments with Vesicular Stomatitis Virtis {Indiana and New 

Jersey Strains) 

Both the Indiana and New Jersey strains of vesicular stomatitis 
virus which are immunologically distinct, have undergone numerous 
brain to brain passages in mice (1) . Although in nature, in horses and 
cattle, this virus has not thus far been observed to induce encephalitis 
(2-4), it has done so after experimental intracerebral inoculation in 
monkeys, rabbits, guinea pigs, rats, and mice and after intranasal and 
others ways of peripheral inoculation in mice (5). 

Susceptibility of Y oung and Old Mice to Infection by Intracerebral and 
Intranasal Routes. — In order to accentuate any possible variations 
which might be attributable to differences in age, mice at extremes of 
age were employed. The young ones were 14 days of age and their 
average weight was 7.2 gm.; the other group consisted of animals 
about 1 year old and of an average weight of 35.4 gm. Dilutions of 
virus ranging from 10-* to 10“® were injected intracerebraUy and from 
10“^ to 10“® by way of the nose; 0.03 cc. was the amount given by 
both methods, 3 mice being used for each dilution and route. 

The results, shown in Table I, indicate no appreciable difference in 
the incidence of morbidity and of death between the young and old 
mice when the Indiana strain of the virus was injected directly in the 
brain, while a distinct difference in the two age groups was evident 
after intranasal instillation. In the intracerebral group, the old mice 
generally showed signs of disease and a lethal outcome after a longer 
incubation period, but the titration end-point was practically the same 
as for the young mice. After nasal instillation of the virus, on the 
other hand, none of the old mice developed encephalitis or exhibited 
any other signs of disease, while in the young mice the 10“^ dilution of 
virus was fatal for all, and 10~® for one of three. 
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The same type of experiment was performed with the New Jersey 
strain of the virus, and the results, given in Table 11, are practically 
the same as those with the Indiana strain. All but one of the old mice, 
receiving the virus by way of the nose, remained well; the exceptional 
one showed signs of encephalomyelitis on the 8th day and survived 
with residual paralysis of the posterior extremities. Two old mice 
were given 0.1 cc. each of the 1 : 100 virus dilution intranasaUy instead 
of 0.03 cc., to determine whether the larger volume might influence the 


TABLE I 

SttsceplibilUy of Young and Old Mice lo Intracerebral and Inlranasal Inoculations 
vnih Vesicular Stomatitis Virus {Indiana Strain) 


Route of inoculation 

Dilution of virus 

Age of mice and result 

14 daj's old, average 
weight, 7.2 gm. 

About 1 year old, 
average wci^t, 35.4 gm. 

Intracerebral 

10-* 

n, t.* 

3, 3, 4t 


10-5 

n. t. 

4,4,4 


io -« 

2,3,0 

5, 5, 7 


10-7 

3,0,0 

0,0,0 

1 

10-® 

0, 0,0 

0, 0,0 

Intranasal 

10^ 

n. t. 

0,0,0 


10-7 

n. t. 

0,0,0 


10-< 

5,7,7 

0,0,0 


10-5 

7, 0,0 

0,0,0 


10^ 

0, 0,0 

0,0,0 


10-7 

0, 0,0 

0,0,0 


lO -* 

0,0,0 

0,0,0 


= not tested. 

t Numbers indicate the day of death of individual mice, 0 signifying survival. 


outcome, but both remained well. Numerous other old and yotmg 
mice have since received nasal instillations of vesicular stomatitis 
virus and the old ones with occasional exceptions were resistant while 
the young ones invariably succumbed to encephalitis. 

The fact that there is no appreciable age difference when the virus 
is injected directly into the brain suggests that the portions of the 
central nervous system, involvement of which leads to clinical enceph- 
alitis and death, are apparently fully susceptible to the action of the 
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of virus, two of three with 10"^ and lO”®, and one of three with 10“^ dilution were 
affected (Table III). 

The intramuscular inoculations were given into the calf muscles of one side. 
Six young and six old’ mice were each injected -ndth 0.3 cc. of the 10”^ dilution 
(t.e. 10 per cent centrifuged suspension). The old mice remained w'ell while the 
young ones developed flaccid paralysis of the posterior extremities (the inoculated 
extremities frequently exhibiting paralysis first) and later died (Table III). 

Certain difficulties were encountered with the intravenous inoculations because 
of the well known immediate toxicity of homologous brain suspensions and the 
small size of the tail veins in very young mice. However, four 1 year old animals 
which survived an injection of 0.2 cc. of 1:20 centrifuged suspension of virus 

TABLE m 


Susceptibility of Young and Old Mice to Inoculation by Various Peripheral Routes 
with Vesicular Stomatitis Virus {New Jersey Strain) 


Route and amount 
of inoculation 

Dilution of virus 

Age of mice and result 

IS days old, average 
weight, 10 gm. 

About 1 year old, 
average weight, 35 gm. 

Subcutaneous, 0.5 cc. 


7, 8, 12 

0,0,0 

each 

10-^ 

7, 8,0 

0, 0,0 


10-3 

7, 7, 0 

0,0,0 


10-* 

12, 0, 0 

0, 0,0 

Intraperitoneal, 0.5 1 

10-1 

0,0,0 

0, 0,0 

cc. each 

10-3 ! 

0,0,0 

0, 0,0 


10-3 

0, 0,0 

n. t. 


10-* 

0, 0,0 

n, t. 

Intramuscular, 0.3 cc. 

10-1 

4, 4, 5, 5, 5, 6 

0, 0, 0, 0, 0,0 


Abbreviations as in Table I. 


remained entirely well. Eight 21 day and two 16 day old mice were injected with 
0.2 cc. of a 1:200 dilution, but with the exception of two 21 day mice, a certain 
amount escaped in the tissues of the tail. Four of the eight 21 day mice (including 
only one of the two in which the injection appeared to he entirely intravenous) 
and both 16 day mice developed flafdd paralysis of the posterior extremities 
wthin 5 to 6 days and ffied 24 hours later. The development of flaccid paralysis 
of the posterior extremities as the first nervous manifestation after intravenous 
inoculation is highly suggestive of a centripetal spread of the virus by way of the 
nerves supplying the abdominal viscera. 

Intraperitoneal inoculations of 0.5 cc. of various virus dilutions were made in 
15 day and 1 year old mice, and as noted in Table III, neither the young nor the 
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Half the number of mice of each age and group received a 1 . 100 
glycerolated virus suspension and the other half a 1:1000 dilution. 
The results (Table V) indicate no significant difference in susceptibility 
among the mice of the three groups. With the 1:100 dilution of 
virus in the 18 or 19 day old mice, three of the six Institute animals, 
two of three virus-susceptible and two of three virus-resistant mice 
succumbed, while with the 1 : 1000 virus dilution, four of six Institute 
mice, one of three virus-susceptible, and all three virus-resistant ones 
developed the virus encephalitis. None of the twelve 8 month to 
1 year old Institute mice developed the disease, nor did any of the 
twenty-four virus-susceptible or virus-resistant animals 90 days or 
more of age, succumb to virus encephalitis. In the last experiment 
recorded in Table V, 31 day old mice from the Institute albino and 
Webster virus-resistant stocks were compared. It may be noteworthy 
that the seven virus-resistant mice in this test constituted a single litter 
from the mating of 3 month old virus-resistant parents used in the 
previous experiment. There is again no appreciable difference 
between the number of 31 day old virus-resistant and ordinary Insti- 
tute mice that succumbed to nasal infection, although the incubation 
period appeared to be rather longer in the former. 

It should be noted here that while the mice designated as relatively 
virus-susceptible and virus-resistant have been shown to exhibit these 
variations in susceptibility as regards the viruses of looping Ul and 
St. Louis encephalitis (6, 7), it is evident that this does not obtain 
for the virus of vesicular stomatitis (New Jersey strain), and as recently 
observed by Webster (8) also not for the virus of rabies. From the 
point of view of the special type of resistance only to peripheral 
inoculation, described in this communication, there is thus no evidence 
as yet for considering its development with increasing age as geneti- 
cally predetermined. Further studies in the direction of the effects of 
genetic, dietetic, and physiologic factors are, however, indicated. 

Experiments with Other Neurotropic Viruses^ 

The influence of the age of different hosts on the infectivity of other 
neurotropic viruses, inoculated intracerebrally and peripherally, will 
now be described. 

= The term neurotropic refers to the capacity of a virus to attack nervous 
tissue but does not imply that it may not also affect other tissues. 
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suceptibility between the 21 day and 1 year old mice, while the 15 day 
animals succumbed more regularly than the old onesj in these death 
ensued in half the time even when a minimal dose was given. After 
intranasal inoculation there was a distinct quantitative difference in 
effect in young and old mice, which was not as marked, however, as 
that observed with the viruses of vesicular stomatitis. Of eighteen 
15 or 21 day old mice instilled with virus in dilutions of 1:10 to 


TABLE vn 


Susceplibility of Mice of Various Ages to Western Equine Encephalomyelitis Virus 
by Inlranusal and Intracerebral Routes 


Route of 
inoculation 

Dilution of \'irus 

Eiperimcnt I 

Experiment II 

21 days old, 
average weight, 
14.1 gm. 

About 1 year 
old, average 
weight, 32 gm. 

15 days old, 
average weight, 

8 gm. 

About 1 year 
old, average 
weight, 35 gm. 

Intracerebral 


3,4,4 

3,4,4 

n. t. 

n. t. 


10^ 

3, 3,4 

■'3,4,4 

a 

ft 


10-» 

3, 4,4 

3,4,4 , 

It 

tt 


10-* 

3, 3,5 

3, 3,4 

2, 2,2 

3, 3,4 


10^ 

3, 3,4 

3, 4,4 

2, 2,2 

4, 4, 10 


10^ 

3, 3,4 

4, 4,5 

2, 2,2 

4,4,0 


10-7 

3, 4, 5 

4,0,0 

2, 2,2 

4, 4,0 


10-8 

n. t. 

n. t. 

2, 2,2 

6, 0,0 

Intranasal 

10-1 

4, 7, 7 

5, 5, 0 

n. t. ■ 

n. t. 


10-2 

3, 3,4 

4, 0,0 

3, 3, 3 

5, 7,0 


10-8 

3,3,4 

5, 0,0 

2, 2,6 

5, 5, 0 


i0-< 

4,4,4 

0, 0,0 

3, 3,3 

0, 0,0 


10-^ 

0, 0,0 

0, 0,0 

4,0,0 

0,0,0 


10-8 

0, 0,0 

0, 0,0 

3, 4, 0 

0, 0,0 


10-7 

0,0,0 

0, 0,0 

n. t. 

n. L 


Abbreviations as in previous tables. 


1 : 10,000, all died of encephalomyelitis, while of a similar number of 
1 year old animals inoculated with the same material only eight 
succumbed. Furthermore while three of six 15 day old mice died after 
nasal instillation with virus dilutions of 10“® and lOv®, none of the old 
ones was affected by these or larger amounts (l0-< dilution) of the 
infective material. 

Pscudorabies in Guinea Pigs.— 10 day old guinea pigs having an 
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ence in susceptibility of young and old guinea pigs to peripheral 
inoculation with pseudorabies virus. 

Poliomyelitis in Macacns rhesus Monkeys . — ^It is difficult (and for us 
it proved impossible) to obtain monkeys of known age. The rhesus 
monkeys usually employed for experimental work weigh 2 to 3 kilos; 
to induce the disease regularly by means of nasal instillation of virus a 
relatively large amount of it is given. It was therefore desirable to 
test with the same dose the susceptibility of the smallest and largest 
monkeys available. Fom: very small monkeys (average weight 1 kilo) 
and five large, mature animals (average weight 8 kilos), which have 
been kept at the laboratory for 3 to 5 years, were given the same 
quantity of poliomyelitis virus (1 cc. of 10 per cent virus suspension in 
each nostril on two occasions, 48 hours apart). As may be seen in 
Table IX, aU of the old monkeys succumbed while only three of the 
four young ones developed poliomyelitis. These results are in strik- 
ing contrast to the statement made (9) that old Macacus rhesus 
monkeys are less susceptible to experimental poliomyelitis. In view 
of the fact that nemotropic viruses may behave differently in different 
hosts, one cannot assume that poliomyelitis virus would necessarily 
act in a similar manner in older animals of other species. 

DISCUSSION 

The opinion is often expressed that in general young animpU are 
more susceptible than old ones to virus inoculations, but no precise 
comparative study of this question has heretofore been made. It has 
been recorded, for example, that young rabbits succumb more rapidly 
after intracerebral injection of Boma disease virus than older animalc 
(Nicolau and Galloway (10)) ; that young monkeys are more suscep- 
tible than old ones to intracerebral inoculation with poliomyelitis virus 
(Leiner and von Wiesner; Krause and Meinicke; Levaditi; and Junge- 
blut and Engle) (9); that yellow fever (Theiler (11)) and vesicular 
stomatitis viruses (Olitsky, Cox, and Syverton (5)) are encephalito- 
genic after intraperitoneal inoculation only in very young mice etc. 
It should be recalled here that the resistance of older animals to 
many other virus diseases is chiefly the result of infection at an 
earlier age. 

The present investigation provides evidence of a different and rather 
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3. This resistance is readily demonstrable when the inoculations 
are made by intranasal, subcutaneous, intramuscular, intraperitoneal, 
and intravenous routes, but not when the virus is injected directly 
into the brain. 

4. The resistance is not related to previous exposure to infection or 
to the presence of specific or nonspecific antiviral bodies in the blood. 

5. No difference in susceptibility to peripheral inoculation was 
found in young and old guinea pigs to pseudorabies virus, and in 
relatively young and old Macacus rhesus monkeys to poliomyelitis 
virus. 
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humoral antibodies and resistance of vac- 
cinated AND CONVALESCENT MONKEYS TO 
POLIOMYELITIS VIRUS 

By albert B. SABIN, M.D., and PETER K. OUTSKY, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, June 25, 1936) 

The observation has been made frequently (1-5) that monkeys 
actively immtmized with different preparations of the virus of polio- 
myelitis while developing humoral antibodies, often do not resist 
either intracerebral or intranasal inoculations of the virus. In this 
paper we shall present our ejqieriences with the nasal instillation in 
monkeys which have passed through clinically perceptible attacks of 
experimental poliomyelitis and the correlation of the effects produced 
with humoral antibodies present as quantitatively ascertained. The 
study has practical significance in determining whether a certain con- 
centration of antiviral bodies in vaccinated monkeys has the same 
value as regards protection to infection as it has in convalescents. 

The question of reinfection in convalescent monkeys has been 
studied by Flexner (6) in relation especially to second attacks of the 
disease in children. Contrary to accepted views, he has found that 
reinfection takes place in nasally instilled monkeys, and that, the 
second attack may sometimes be induced by the same although ap- 
parently oftener by a foreign strain of virus; and he has also made 
tests for the presence of humoral antibodies to both kinds of strains 
in the reinfected animals (personal communication). 

EXPERIMENTAL 

Reaction of Convalescent Monkeys to Nasal Instillation of Virus . — ^As 
early as 1910, Flexner (7) and later others (8a, 9) showed that mon- 
keys convalescent from experimental poliomyelitis are, with only rare 
exceptions, resistant to intracerebral inoculation of the same strain 
of virus. 
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Monkeys inoculated with the Rockefeller Institute strain of mixed virus (M. 
V.) which was used in this study rarely recover after the development of paralysis; 
the collection of a suitable number of convalescents for this investigation was 
therefore no easy task (c/. Flexner (7, 10)). Of the nine monkeys studied, five 
were originally infected with virus by way of the nose and four by intracerebral 
injection. The intranasal test for susceptibility consisted of two instillations .of 
virus, 48 hours apart. A 10 per cent suspension in saline was used of a mixture 
of glycerolated cords from at least four monkeys, paralyzed after nasal infection, 
and 1 cc. was instilled in each nostril. At least three or four normal monkeys 
received the same virus suspension by the same route, whenever any of the con- 
valescents were being tested. During this study thirty control monkeys were 
used and all developed poliomyelitis. 

Of the nine convalescent monkeys given one or more series of in- 
stillations at monthly intervals, six resisted the intranasal tests and 
three died in a peculiar manner. 

Flexner (1 1) has shown that the bringing of virus into contact with the nasal 
membrane is never an indifferent process in monkeys and that both normal and 
convalescent animals respond to its presence with changes in the cerebrospinal 
fluid consisting of mononuclear pleocytosis and even of globulin; and this response 
takes place largely independently of the appearance of obvious clinical symptoms 
of disease. Certain monkeys are highly resistant to the nasal instillation of 
virus, but these exceptional animals still react with the changes in the cerebro- 
spinal fluid, from which Flexner concluded that “the refractory state, therefore, 
resides apparently in the nerve cells, the principal seat of usual virus attack — not 
in the nervous tissues as a whole.” The resistance of the animals in our series 
was measured by the complete absence of fever or other signs of disease as con- 
trasted with the uniform occurrence of paralysis among the control monkej's in 
each experiment. 

The histories of the three animals which succumbed in an unusual 
manner are as follows: 

Macactis rhesus 1-82, the first of the series to succumb, was completely paralyzed 
after the first nasal infection. It recovered some function, however, and 3 months 
later was again submitted to nasal instillation of virus. 4 days after the first 
instillation and within less than 48 hours after the second, it was found dead; 
the only signs before death appeared to be increased weakness and subnormal 
temperature (99.2° and 96.7°F.) on the 2nd and 3rd days. The cause of death was 
not investigated in this case, because the rapid course did not suggest poliomyelitis. 

Subsequently, however, two additional monkeys (Nos. 3-07 and 3-26) died in 
a similar manner after nasal instillation of virus. Monkey 3-26 developed paraly- 
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sis o/ only the lower extremities following the original intracerebral inoculation,^ 
but remained otherwise well and active with normal temperature (about 102°F.) 
for 1 month, when it was given virus intranasally. The temperature dropped 
to 100.2°F. the next day, and to lOO^F. on the 2nd day, when it appeared sick 
and seemed to breathe with difficulty; it was given still another nasal instillation 
of ^irus and w^as found dead the following morning. Necropsy revealed no 
pathological changes in the lungs or viscera. The olfactor>" bulbs were tested 
for virus, but contained none, and microscopic examination of sections of the 
central nervous system revealed only old poliomyelitis lesions. Monkey 3-07 
exhibited complete paralysis of the left arm and some weakness of the other ex- 
tremities as a result of the original intracerebral inoculation but was otherwise 
w^ell and active with normal temperature (about 102 .4°F.) for 5 weeks, when it 
was submitted to the same test as monkey 3-26. For the next 2 days it exhibited 
no change either in temperature or in physical condition. On the 3rd day, or 
24 hours after the second nasal instillation of virus, its temperature dropped 
to 100.7°F.,* it appeared ill and had difficulty in breathing. On the 4th day it 
was almost prostrate, temperature 97.6®F., and respiration exceptionally difficult 
and of irregular rhythm. It was anesthetized and sacrificed at this stage; the 
lungs and viscera showed no evidence of disease, the central nervous system 
show’ed no gross changes, and microscopically there was evidence of only old 
poliomyelitis lesions. The olfactory bulbs, thalamic region, pons and medulla 
w’ere tested for the presence of poliomyelitis virus but none was found: It may 
be pointed out that another convalescent monkey, No. 4^2, was given the same 
virus suspension simultaneously with monkeys 3-07 and 3-26, but remained en- 
tirely well, and that three normal controls developed t>’pical poliomyelitis after 
the usual course of fever and within the \isual time. None of the other convales- 
cent monkeys tested subsequently by the same procedure exhibited any abnormal 
signs. 

From the evidence presented here one cannot attribute the deaths 
of these three convalescent monkeys to a second attack of poliomye- 
litis. Although there are reports of certam reactions in convalescent 
monkeys (such as a rapid rise in temperature after intracerebral 
inoculation (12) or Yapid death after intrasplenic injection of virus 
(13) which have been interpreted as allergic or anaphylactic mani- 
festations, one cannot be at all certain that such phenomena played 
a part in the cases just described. At the same time it is difficult 
to dismiss these three deaths as merely coincidental. 

Neutralizing Antibodies in Convalescent Monkey's— All the convales- 
cent monkeys were bled at monthly intervals after the onset of paraly- 

' .W\ such operations were made with the aid of deep ether anesthesia. 




7-19 Intranasal; complete paralysis of 8 Sits up; improved function of 
lower extremities and partial upper extremities 

paralysis of upper extremities 13 


31-15 Intracerebral; widespread partial 4 Almost complete recovery Not tested Resisted intracerebral inoculatton 

paralysis 8 “ “ “ Positive Remained well 

* Controls not tabulated; see text. 
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sis and prior to reinoculation, in order to determine whether or not 
they possessed demonstrable antibodies at the time they were tested 
for resistance to reinfection (Table I). 

The neutralization test was performed in the same manner as that previously 
used by Olitsky and Cox (2) for demonstrating antibody in the serum of vac- 
cinated monkeys, whose resistance to infection is now being compared with that 
of the convalescents. In brief, 0.2 cc. of a Berkefeld N filtrate of a 5 per cent 
suspension of poliomyelitis cords in saline solution was mixed with 0.8 cc. of the 
serum, incubated 2 hours at 37°C., and overnight in the refrigerator, and the 
whole mixture injected intracerebrally in a monkey. The amount of virus in 
this mixture represented approximately twenty minimal infective doses. 

It should be noted that none of the sera obtained from five monkeys 
had any demonstrable antibodies 4 to 5 weeks after the onset of 
paralysis; at 2 months the sera of only two of six monkeys tested 
failed to neutralize, while at 3 months these two also exhibited anti- 
viral bodies. Many of the neutralization tests were repeated several 
times with the same results; hence it is clear that the development of 
antiviral bodies ift convalescent monkeys is generally quite slow and 
at times may require as long as 3 months to become demonstrable. 
Reports of the presence of antibody as early as 36 hours after paralysis 
(8 b) should, therefore, be regarded either as exceptional or as the 
result possibly of misinterpretation of a single test. Leake (14) re- 
ported the absence of neutralizing antibodies in a monkey 1 month 
after the onset of poliomyelitis, and Aycock and Kramer (15) found 
no antibody in two convalescent sera obtained 4 to 6 weeks after 
paralysis, although at 6 months after the disease the sera of these 
animals neutralized the virus. 

Antibody in the Preparalytic Stage —In a report published after the 
completion of the above experiments, Jungeblut (9) stated that anti- 
bodies appear first during the preparalytic stage, disappear rapidly 
during the onset of paralysis, and then reappear slowly during con- 
valescence. This conclusion is based on the observation that of the 
sera of nine monkeys in the preparalytic stage, four completely neu- 
tralized 0.2 cc. of a 10 per cent virus suspension, one partially neu- 
tralized (as reflected by prolongation of the incubation period for more 
than 14 days), and the remainder failed to neutralize. When paralysis 
ensued, however, the monkeys which previously had demonstrable 
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antibodies now showed none. In an attempt to repeat this finding, 
the sera of six monkeys in the preparal 3 rtic stage were tested against 
b.2 cc. of 5 per cent virus filtrate (Berkefeld N), but none of them 
neutralized. 

TABLE n 


Tiirolioii of Aiiiivivol Suhstaitcc Scto of Moiikcys Which Resisted ot 
St(ccumbed to Nasal Infection with Poliomyelitis Vinis 


Source of senim 

Amount of 
serum added 
to 0.2 cc. of S% 
Berkefeld N 
^trate* 

Result of test 

From three convalescent monkeys 

cc. 

0.8 

Neutralization 

.which resisted repeated attempts 

0.4 

Partial neutralization? — paralysis 

at reinfection by way of nose 


after 17 days’ incubation 


0.1 

Neutralization 


0.025 

No neutralization 

From three vaccinated monkeys which 

0.8 

Neutralization 

succumbed to nasal instillation of 

0.4 

it 

virus 

0.1 

Partial neutralization? — ^paralysis 


0.025 

after 15 days’ incubation 

No neutralization 

From one similarly vaccinated mon- 

0.8 

Neutralization 

key which resisted nasal infection 

0.1 

tt ■ 

on four attempts at monthly inter- 

0.025 

No neutralization 

vals but succumbed to an intracere- 
bral injection of 0.5 cc. of 5% vims 
suspension 



Normal monkey sera 

0.8 

<c i( 


0.8t 

tc tt 


* Total mixture made up to 1 cc. with saline, when necessary, and after in- 
cubation injected intracerebrally in a monkey. 

t Only 0,1 cc. of a Berkefeld N filtrate of 5 per cent virus suspension was 
used in this mixture. 

Correlation between Antibody and Susceptibility to Reinfection . — ^It 
is evident from the results shown in Table I that convalescent monkeys 
are resistant to reinfection at a time when their sera contain no demon- 
strable antibody. By the use of the same test, antiviral bodies were 
readily detected in the serum of vaccinated monkeys which proved to 
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antibodies now showed none. In an attempt to repeat this finding, 
the sera of sLx monkeys in the preparalytic stage were tested against 
0.2 cc. of 5 per cent virus filtrate (Berkefeld N), but none of them 
neutralized. 


TABLE n 

Tiiraiion oj Antiviral Substance in Sera of Monkeys Which Resisted or 
Succumbed to Nasal Infection with Poliomyditis Virus 


Source of senrni 

Amount of 
serum added 
to 0.2 cc. of 5^ 
Berkefeld K 
^trate* 

Result of lest 

From three com-alescent monke}^ 

cc. 

0.8 

Neutralization 

which resisted repeated attempts 

0.4 

Partial neutralization? — ^paralysis 

at reinfection by "way of nose 


after 17 days’ incubation 

0.1 

Neutralization 


0.025 

No neutralization 

From three vaccinated monk^ 'which 

0.8 

Neutralization 

sttccumhed to nasal instillation of 

0.4 


virus 

0.1 

Partial neutralization? — ^paralysis 


0.025 

after 15 dzys' incubation 

No neutralization 

From one similarly vaccinated mon- 

0.8 

Neutralization 

key which resisted nasal infection 

0.1 


on four attempts at monthly inter- 

0.025 

No neutralization 

vals but succumbed to an intracere- 
bral injection of 0.5 cc. of 5% virus 
suspension 



Normal monkey sera 

0.8 

« (t 


0.8t 

tc it 


* Total mixture roade up to 1 cc. \vith saline, 'when necessary, and after in- 
cubation injected intracerebrally in a monkey. 

t Only 0.1 cc. of a Berkefeld N filtrate of 5 per cent virus suspension 'was 
used in this mixture. 


Correlation heliveen Antibody and Susceptibility to Reinfeclion.~lt 
is evident from the results shown in Table I that convalescent monkeys 
are resistant to reinfection at a time when their sera contain no demon- 
strable antibody.^ By the use of the same test, antiviral bodies were 
readily detected in the serum of vaccinated monkeys which proved to 
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In the present investigation, nine convalescent monkeys were 
tested for susceptibility to infection with poliomyelitis virus by way 
of the nose. Three of these monkeys succumbed with unusual signs, 
but careful postmortem study eliminated a second attack of polio- 
myelitis as the cause of death; the remaining sk successfully resisted 
repeated instillations of virus which in each case produced poliomyeli- 
tis in all the control monkeys. Of particular interest was the observa- 
tion that convalescent monkeys were resistant to reinfection before 
antiviral bodies were demonstrable in their serum, and that the sera 
of all the monkeys tested several times 4 to 5 weeks after paralysis 
contained no demonstrable antibody; all monkeys, however, finally 
developed antibodies — some of them at 2 months and others not 
until 3 months after the onset of paralysis. It should- be pointed out 
that by the use of the same test, vaccinated monkeys have been shown 
to contain readily demonstrable serum antibody at 5 to 6 weeks after 
the first inoculation without, however, exhibiting any resistance to 
the same amoimt of virus instilled intranasally (2) . It was furthermore 
demonstrated that the serum of convalescent monkeys, when anti- 
body finally appeared in it, was no more potent than that of the sus- 
ceptible, vaccinated monkeys. It is interesting to compare these 
results with sortie of those recently reported by Jungeblut (9). His 
studies differed from these in that the virus was injected intracere- 
brally. He showed that of twenty-three convalescent monkeys 
studied at different times after the onset of paralysis, all resisted re- 
inoculation with large doses of virus (no peculiar deaths of the tj'pe 
described here were reported) and this resistance was apparent long 
before the appearance of antibodies in the serum. It appears, there- 
fore, that the resistance of convalescent monkeys to reinfection with 
the same strain of virus by either the intracerebral or intranasal routes 


cannot be correlated with the demonstrable presence of antiviral 
bodies in the blood. In order to avoid nusleading generalizations 
from this observation, it should be recalled that different viruses may 
act differently in the same host, and that even the same virus may 
vary in this respect in two distinct hosts. Thus, the virus of equme 
encephalomyeUtis readily and rapidly induces serum antibodies in 
Macacus rhesus monkeys, most of which do not become resistant to 
intracerebral moailation of the virus (16), while in the guinea pig 
even completely inactivated, formolized vaccines give rise to an ex 
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traordinary resistance to intracerebral inoculation (1000 m.i.d. or 
more) with very little or no antibody in the serum (17). 

CONCLUSIONS 

1. Monkeys convalescent from a paralytic attack of poliomyelitis 
develop humoral antibodies slowly; in the present series their first 
appearance in most was at 2 months and in some not until 3 months 
after the attack. 

2. Convalescent monkeys display resistance to reinfection with 
the same strain by the nasal route long before antibodies become 
demonstrable in their serum, in this respect differing from many vac- 
cinated monkeys whose serum neutralizes the virus, while they remain 
susceptible to nasal infection. 

3. When antibodies appear in the serum of resistant convalescent 
monkeys, they are not quantitatively greater than in the serum of 
vaccinated monkeys which succumb to infection. As regards resist- 
ance to infection, humoral antibodies, therefore, do not have the 
same significance in vaccinated as in convalescent poliomyelitis 
monkeys. 
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films. These eggs were all opened on the 8th day after inoculation. 
In three eggs the embrjms, although large and well developed, were 
inactive at this time. They had, however, shown activity through 
the 7th day following inoculation. The embryo in the fourth egg was 
still alive when examined. 

The Inoculation of 3-4 Day Eggs 

In a preliminary experiment it was found that the inoculation of 
3-4 day eggs was attended, in some cases, by the appearance of 
coccobacilliform bodies in the fetal membranes. A considerable 
number of inoculations were subsequently made in such eggs, generally 
4 day eggs, to determine the distribution of the coccobacilliform bodies 
in the egg, their effect on the embryo, and whether successive egg to 
egg transfer could be made. 

Three separate series of mocularions in 3-4 day eggs were conducted, in each 
case using exudate as the initial inoculum. Thereafter, transfers were made from 
egg to egg, inoculating with a suspension of finely divided membrane in 0.5 cc. 
of saline. Two to five eggs were inoculated with each passage. The membrane 
suspensions were tested for sterility by subculturing in horse blood agar. The 
inoculated eggs were incubated at 40®C. and examined daily. They were gen- 
erally opened on the 3rd day when films were made from the membrane and in 
some cases from the amniotic fluid and the embryo. In particular instances 
histological sections were prepared from the membranes. The sections were cut 
to 5/1 and stained with phloxin-methylene blue. 

In two series successful transfer of the coccobacilliform bodies was 
made through 6 consecutive passages and in the third series through 
11 passages. Termination of the serial transfer was intentional in 
each case. Approximately 50 per cent of the inoculated eggs showed 
coccobacilliform bodies in the fetal membranes, the actual figures 
being 46 positive and 48 negative. A total of 94 eggs was employed 
in the three series and of these only six showed an active living embryo 
on the 3rd day after inoculation (usually the 7th day of life). The 
specific bodies were found in only one of the six eggs with live embryos. 

In general the inoculated eggs fell into three groups. The first 
group comprised the eggs which showed when opened a well preserved 
and well developed embrj^o, with a transparent membrane and a clear 
or nearly clear amniotic fluid. In these eggs there was an indication 
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that the embryo had undergone some development following inocula- 
tion. 28 of the 46 positive eggs and 12 of the 48 negative eggs may 
be classed in this group. The second group comprised the eggs whicli 
gave indication of a prompt cessation of growth after inoculation. 
The embryo was small and less developed than those in the first group, 
the fetal membranes were opaque, and the amniotic fluid turbid. 
18 of the positive and 21 of the negative eggs fell in this group. The 
third group comprised the eggs whicli showed a bacterial contamina- 
tion coincident in most cases with extensive autolytic or digestive 
changes. This group included only a single positive egg but numbered 
15 negative eggs. 

Distribution of the Coccohacilliform Bodies in Inoculated Eggs 

The coccohacilliform bodies in membrane films were identical 
morphologically with those in exudate but in general were considerably 
more numerous in the former case, only rarely being so sparse as to 
require a prolonged search. They were predominantly extracellular 
and commonly arranged in irregular or roughly spherical groupings 
which were frequently .in close proximity to tissue cells. The bodies 
were also found as discrete or paired units. Occasionally they ap- 
peared to lie within tissue cells. In such cases, however, it would be 
difficult to prove that they were not on rather than in the cell. 

The coccohacilliform bodies were never found in films made from 
the embryo even though they were numerous in the fetal membrane. 
Their certain detection in amniotic fluid was made difficult by the 
frequent presence of Gram granules of varying size, particularly in 
fluid from eggs which gave evidence of degenerative or autolytic 
changes. In most cases it seemed probable that the bodies were not 
present. Prolonged microscopic examination of film^ from horse 
blood agar slants liberally inoculated with membrane material 
regularly failed to reveal the specific bodies. 

Pathological Changes in Inoculated Eggs 

Macroscopically there were no obvious pathological changes which 
could be attributed to the coccohacilliform bodies. The fetal mem- 
branes of eggs which showed a prompt cessation of growth were 
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usuaUy soft and cloudy but this change was no more pronounced in the 
presence of the bodies than in their absence. 

The histopathology of membranes from inoculated eggs was not 
studied extensively. Sections from positive eggs with well developed 
embryos showed irregular ectodermal thickenings together with 
degenerative changes as well as necrosis of cells. Mononuclear cells 
were often encountered, particularly in the mesoderm. Occasionally 
there was an infiltration of cells resembling leucocjdes. Similar 
though less extensive changes were also observed in the absence of the 
specific bodies, \^^lile these changes may be indicative of a reaction 
to traumatic injury, it seems probable that they are in part referable 
to the multiplying coccobadUiform bodies and that both factors 
contribute to the ultimate death of the embryo. 

Extracellular and less commonly intracellular coccobadUiform 
bodies were generally found in sections of membranes which showed 
them in films. In some cases they were particularly conspicuous in 
the mesoderm where they evidently multiply in the intercellular spaces 
forming wreaths about the mesodermal cells. In sections stained with 
phloxin-methylene blue the specific bodies stain a deep blue. 

Growth of the Coccoiacilliform Bodies in 9 Day Eggs 

A single additional experiment indicated that the coccobadUiform 
bodies were potentiaUy capable of multiplying in older eggs if the 
conditions were favorable. Four 9 day eggs were inoculated with a 
saline suspension of membrane from 4th passage eggs in series 3. 
The eggs were opened on the 3rd day after inoculation at which time 
the embryo was inactive in each case. Two of the eggs showed 
numerous specific bodies in the fetal membranes. It seems probable 
that multiplication in these eggs is conditioned by an inactivation 
of the embryo brought about by other causes. 


Cjdtivation of the CoccobadUiform Bodies in Tissue Culture 

The preceding experiments clearly demonstrated that the cocco- 
badlliform bodies of fowl coryza were cultivable in the fetal mem- 
branes of fertile eggs. Because of the uncertainty of obtaining a' 
growth of the bodies upon inoculation, the method was not suitable 
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for routine cultivation. Accordingly, attention was directed towards 
growmg the bodies in tissue culture. 

The method employed was essentially that of Li and Rivers; using, however, 
test tubes instead of flasks. Traub (5) had successfully employed tubes in the 
cultivation of pseudorabies virus as had also Dochez, Mills, and Knecland (6) 
in the case of the common cold virus of man. The technic which was finally 
adopted entailed the suspension of approximately 75 mg. of finely minced 10 day 
chick embryo tissue (the eyes were removed from the embryos before mincing) 
in 5.0 cc. of Seitz-filtered Tyrode’s solution in test tubes with an inside diameter 
of approximately 15 mm. Since these tubes were not selected for size, the height 
of the column of fluid varied somewhat but was in the vicinity of 3.5 cm. 

Freshly prepared tissue culture medium was usually incubated for 24 hours 
at 37“C. prior to use. Bacteria grow vigorously in the medium and if contami- 
nants are present a clouding of the supernatant is generally apparent after a 
day’s incubation. Observing ordinary aseptic precautions, little difflculty was 
experienced with contaminated tubes. The medium was commonly prepared 
twice a week; one embryo providing sufficient material for 15-18 tubes. 

In carrying stock cultures of the specific bodies a liberal inoculum was used, 
several drops of fluid containing tissue fragments being added. The inoculated 
tubes were examined after 24 and 48 hours at 37°C., films being made from the 
supernatant as well as the sedimented tissue and Gram-stained. 

Two isolations of the coccobacilliform bodies were made from 
exudate and the cultures maintained over a period of weeks by suc- 
cessive subinoculations at intervals of 24 to 72 hours. The first strain 
was isolated in November, 1935, and has been carried through 100 
generations. The second strain originally obtained in March, 1936, 
is now in its 37th subculture. 

Disirihution of the Coccobacilliform Bodies in Tissue Cultures 

The specific bodies are readily found in the sedimented tissue of an 
inoculated culture tube and also in the supernatant, regardless of 
whether or not the tube has been disturbed since inoculation. Growth 
is generally apparent after 24 hours’ incubation but occasionally is 
delayed until the 2nd day. In the fiiuid portion of the medium the 
specific bodies are discrete or in small groupings. In a 24 hour culture 
they are well stained and sharply outlined, being readily differentiated 
from extraneous granular material. The bodies are rather sparsely 
distributed in the supernatant but appear nevertheless to impart a 
very faint turbidity to it. Whether this turbidity is due solely to the 
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suspended bodies or in part to material derived from the tissue frag- 
ments as tbe result of autolytic changes is uncertain. A difference 
between tbe supernatant tubidity of inoculated and uninoculated 
tubes is detectable only in freshly prepared media. In media which 
have been stored for several daj’’s and then incubated, the supernatant 
acquires a distinct cloudiness as the result of tissue disintegration. 
While the coccobacilliform bodies unquestionably multiply in the 
nearly cell-free supernatant of inoculated tissue cultures, the chief 
site of multiplication is in the sedimented tissue fragments. Tissue 
from a 24 hour culture generally show numerous bodies as 
discrete units or in groups of varying size. They are frequently 
grouped around tissue cells or embedded in what appears to be dis- 
integrated tissue. They may also appear to lie within intact tissue 
cells, large groupings of which are often present. In this case they are 
to all appearances intracellular. It seems unlikely that they have 
simply been caught by the cells in preparing the film. If the medium 
is inoculated by adding a drop of culture to the supernatant without 
shaking, multiplication of the bodies in the sedimented tissue may be 
delayed. 

Fragility of the CoccolaciUiform Bodies in Tissue Culture 

In tissue cultures the coccobacilliform bodies quickly lose their 
staining affinity and sharpness of definition and become faintly 
stained particles with a hazy outline which are hard to differentiate 
from extraneous granules. This change may occur as early as the 
3rd day in cultures which have shown numerous well defined bodies 
after 24 hours of incubation. Such cultures may, however, retain 
their viability for a week or longer if kept at ice box temperature and 
give rise to a new generation of deeply' stained and sharply outlined 
bodies upon transfer to fresh tissue culture medium. 

Identification of the Coccobacilliform Bodies in Fetal Membranes and in 

Tissue Culture 

Comparatively little difficulty has been experienced in the micro- 
scopic identification of the coccobacilliform bodies either in the fetal 
membranes of fertile eggs or in tissue cultures. As previously noted, 
the presence of Gram granules of varying size in eggs which show 
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growing 10 day egg to prevent multiplication of the introduced bodies 
and that growth does occur only when the embrj'o is accidentally 
inactivated. The greater frequency of multiplication in 4 day eggs 
may well be correlated with the greater susceptibility of such eggs to 
traumatic injury with subsequent inactivation of the embryo. 

Death of the embryo does not necessarily imply the immediate 
death of its component cells or those of the supporting fetal mem- 
branes. There was a suspicion, however, from the behavior of the 
coccobacLUiform bodies in inoculated eggs that Ihung cells were not 
essential for their growth as in the case of the rickettsiae and the 
filterable viruses. There was also a suggestion from the manner in 
which the specific bodies multiplied in tissue cultures that they were 
capable of independent growth in a suitable fluid medium in the 
absence of living cells. These observations which have been confirmed 
and extended by other experiments, to be reported later, appear to 
preclude the classification of the coccobaciUiform bodies with either 
the rickettsiae or the filterable viruses. 

STOMABY 

The coccobacLUiform bodies of fowl coryza were successfu% 
cultivated in the fetal membranes of fertile eggs. Microscopic exami- 
nation mdicated growth in approximately 50 per cent of 94 eggs in- 
oculated on the 3rd to 4th day of incubation. Growth was generally 
inhibited, however, in eggs inoculated on the 10th day. One strain 
of the specific bodies was maintained through 11 successive passages 
in 4 day eggs. 

A more consistent growth of the coccobaciUiform bodies was 
obtained m tissue cultures. One strain, originally isolated in No- 
vember, 1935, has been carried through 100 successive subcultures at 
intervals of 1-3 days. The specific bodies faU to maintain their 
morphological identity for any length of time in this medium. 

It is noted that growth of the coccobacUliform bodies in fertUe eggs 
and in tissue cultures is not dependent on the presence of living cells. 
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STUDIES ON AN UNCOiMPLICATED CORYZA OF THE 
DOMESTIC FOWE 

Vm. The lOTEcnvrry or Fetal Membrake and Tissue Culture 
Suspensions oe the CoccoBACiLLrFORM Bodies 

By JOHN B. NELSON, PelD. 

(Fram the Department of Animal and Plant Pathology of The Rockefeller Institute 
for Medical Research^ PrincetaUt N. J .) 

(Received for publication, June 23, 1936) 

The successful cultivation of the coccobacillifonn bodies of fowl 
coryza in the fetal membrane of fertile eggs and in tissue cultures 
provided an opportunity to determine their effect on the mucosa of 
the upper air passages Tvhen introduced in a medium which did not 
contain exudate.^ Accordingly, infectivity tests were conducted in 
normal fowl with suspensions prepared from such cultures. The 
results of these tests, together with observations on the transmissibil- 
ity by injection and the communicability by direct contact of the 
resulting coryza, are herewith reported. 

The Infectivity of Fetal Membrane Suspensions 

The fetal membranes employed in this experiment were from fertile 
eggs included in the three inoculation series referred to in the preceding 
paper.^ Normal birds were injected intranasally with suspensions of 
these membranes. 

Suspensions were prepared only from membranes wMch showed the specific 
bodies in the absence of bacteria. Small pieces of the chorion from inoculated 
eggs were crushed in a glass tissue grinder and the finely divided tissue suspended 
in 2~3 cc. of saline. Normal birds, 2-3 months old, were injected intranasally 
by way of the palatine deft with approximately 0.5 cc. of these suspensions. 
Four birds were usually employed at a time. They were maintained in single 
cages in a spedal unit, under strict quarantine, and were examined daily. Birds 
which showed a nasal discharge were generally autopsied within a week of its 

' Nelson, J. B., J. Exp, Med., 1936, 64, 749. 
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films from either the nasal passages or the sinuses and 3 showed miscellaneous 
bacteria in addition. 

Each of the 7 inapparent cases of coryza showed a rhinitis at autopsy; 5 of 
them also had a sinusitis. In 6 cases coccobacilliform bodies were present in 
films from either the nasal passages or the sinuses. In only one instance were 
miscellaneous bacteria also observed. 

TABLE n 


The Intranasal Injection of Coccohacilliform Bodies in Tissue Culture Suspensions 


Ko. of culture generation 

Bird No. 

Cases of apparent 
coryza 

Cases of inapparent 
corj'za 

18 

1 

+21^ 



2 

— 

+ 


3 

— 

+ 


4 

+14 


36 

5 

+17 



6 

— 

i 


7 

8 

1 

+ 

55 

9 

+12 



10 

+10 



11 

+9 



12 

— 

+ 

72 

13 

i 

+15 



14 

— 

+ . 


* 15 

— 

+ 


16 

— 

+ 

87 

17 

+23 



18 

— 

+ 


19 

— 

+ 


20 

+13 


Total 

20 

9 

11 



♦ The number in this column and in the tables which foUow indicates the days 
between injection and the appearance of a nasal discharge. 


The Infectiviiy of Tissue Culture Suspensions 

Five generations— the 18th, 36th, 55th, 72nd, and 87th-^f a 
strain of the coccobacilliform bodies originally isolated in November, 








TOcompucaxed cosy,. „ 

CORYZA OF DOMESTIC Fnxur 

tQ-ztr „ , FOWL, vrrr 

The supernatant was r^m ^ 

» 3 pen*di „2 <0 a lis" ™ f %’" ''■'«• The s“ 

»ay of thj same snperaatanf. 4 „o^l Ka^ “turaw, and 

0 generations. The or a ^*'' ^eiounts of surh ''ere injected by 

- ‘‘ese birds „as ^S^nTd f ” 

As indicated i„ jaMe „ ^ 

In oVrrales h the birds 

fested by a nasal TT' of ir"" suspensions. 

“j» .» .Sf?*'- ■< 1 “S.;“ ■>»•. -.1- 

.'•—... ,ZT"'‘‘ 

and 2 a bilateral ti, apparent corvza ci, ^ 

cLTthTsp” A'iSSteir™'* d ' 

f e?H- rs 

r-iS5f5S=5HS . 

Serial ^ 

■I ^^^isimssion hy T ' 

Membrane aZrT°" ^eryea Pra, a , 

pm° '"^e carrier” ^ 

produced bv fntoi carried out to w«+ 

‘■"ely, could be ‘issue cuk”“® "'’"‘i'sr tie coryza 

exudate. ““®'‘ted sen'aUy ^Tr '“^P^sions, resp^c- 

^ A summary of these e • <>f 

® and ZV, 

■"■‘■ai nrembrane suspension Indl:?^ ^ 

os u-hreh received exudate 



JOHN B. NELSON 


763 


showed a corj'za of the apparent type with a delayed nasal discharge. 
In 4 of the birds the coryza was of the inapparent type characterized 


TABLE m 


The Serial Transfer of Exudale Originally Produced by Fetal Membrane Injection 


Material injected 


Fetal membrane suspension 

Exudate from 1 

« ** 2 

« » 3 

“ ‘‘ 5 

« “ 6 

<t ft *j 


Totals 


Bird No. 

Cases of 
apparent cor 5 *za 

Cases of in- 
apparent cor>*ra 

1 

+13 


2 

+15 


3 

+19 


4 


+ 

5 


+ 

6 


+ 

7 

+11 


8 


+ 

8 

4 

4 


TABLE IV 


The Serial Transfer of Exudale Originally Produced by Tissue Culture Injection 


Material injected 

Bird No. 

Cases of apparent 
corj’aa 

Cases of inapparent 
coryza 

Tissue culture stispension 

1 

2 

1 

+ 

+ 

Exudate from 1 and 2 

3 




4 



Exudate from 3 and 4 

5 


+ 


6 

+23 


Exudate from 5 and 6 

7 


+ 


8 

+21 


Exudate from 7 and 8 

9 


+ 


10 

+20 


Totals 

10 

3 

7 


by a rhinitis and in 3 cases by a sinusitis. Coccobacilliform bodies 
were regularly present in nasal film s. This series was discontinued 
after the 7th passage. 
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Examination of the upper air passages, at autopsy, revealed an inflam- 
mation of the nasal chambers in each case. 5 of the birds also had a 
sinusitis. Each of the 6 birds showed coccobacilliform bodies in 
nasal films and 5 of them munerous miscellaneous bacteria in addition. 

Three of the originally infected birds in the first series and 2 in the 
second ran an intermittent nasal discharge during the entire period of 
confinement. In the remaining birds the discharge was continuous 
but tended to fluctuate from a unilateral to a bilateral form. One of 
the contact birds in series 2 developed a unilateral conjunctivitis in 
addition to a nasal discharge. 


TABLE v 


Commimicahilily of the Coryza Produced by Fetal Memhra7ie Suspensions 


No. of scries 

No, of birds in contact 

Cases of apparent 
coryza 

Cases of inapparent 
corj'za 

1 

1 


-b 


2 

+32 

- 


3 


+ 


4 


+ 

2 

5 

+20 



6 * 

+20 



7 

+24 



8 

+21- ’ 



9 

+20 



10 

+18 


Totals 

10 

7 

3 


For purposes of comparison the results of an additional contact 
experiment may be presented. This experiment was carried out with 
birds injected with exudate from fowl in which a strain of the coryza 
of slow onset has been maintained for 2 years by serial passage.^ 
Contact between the infected and the normal birds, which numbered 
5 each, was established early in October, 1935. 

All of the susceptible birds showed an apparent coryza with a frank 
nasal discharge, the respective incubation periods being 28, 26, 16, 22, 

* Nelson, J. B,, J. Exp. Med., 1936, 63, 509. 
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and 26 days. Postmortem examination made within several days of 
the appearance of a discharge revealed a rhinitis in each case and a 
sinusitis in three cases. All of the birds showed coccobacilliform 
bodies as well as miscellaneous bacteria in nasal films. 

Each of the originally infected birds maintained a continuous 
bilateral discharge during the period of contact. One bird also 
developed a bilateral conjunctivitis. 

TABLE VI 


Nalure of the Coryza Produced by Bacteria-Free Suspensions of the Specific Bodies 


Bird No. 

Material injected 

Incubation 

period 

Duration of 
coryza 

Nature of discharge 



days 

days 


1 

Exudate suspension 

15 

>62 

Continuous 

2 " 

(( (( 

13 

>38 

It 

3 

tt ti 

20 

>79 

ft 

4 

tt ti 

15 

>72 

II 

5 

ft (f 

10 

>43 

II 

6 1 

it tt 

22 

>60 

It 

7 

tt tt 

14 

50 

Intermittent 

8 

tt It 

17 

47 

It 

9 

{{ tt 

25 

20 

Continuous 

10 

tt tt ' 

22 ' 

>60 

Intermittent 

11 

ft (( 

13 

>37 

Continuous 

12 

Fetal membrane suspension 

17 

42 

tt 

13 

Cl Cf It 

12 

>66 

Intermittent 


The Incubation Period and Duration of the Coryza Produced by Bacteria- 
Free Suspensions of the Coccobacillifortn Bodies 

Comparatively little information is available concerning the 
incubation period and the duration of the coryza incited by the 
intranasal injection of fetal membrane and tissue culture suspensions. 
Frequently the coryza was of the inapparent type with inflamma- 
tory^ manifestations only at autopsy. Most of the birds which did 
show a nasal discharge were brought to autopsy within a week of its 
appearance. 

A summary of the information at hand, derived from observations 
on 13 birds which were used in contact experiments, is given in Table 
VI. 2 of these birds were injected with fetal membrane suspensions 
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and 11 with nasal exudate from similarly infected fowl. The interval 
between the injection of the infective material and the appearance 
of a discharge varied from 10—25 days. Shortly after the onset of a 
discharge these birds were placed in contact with normal fowl and held 
under observation for a period of weeks. 4 of the birds recovered 
after a discharge which lasted 50, 47, 42, and 20 days, respectively. 
The other birds, which were autopsied prior to recovery, aU showed a 
persistent discharge, in 6 cases being apparent for a period of at least 
2 months. In 4 birds of this series the nasal sjmptoms were inter- 
mittent, in 9 continuous during the period of observation. 

DISCUSSION 

Fetal membrane and tissue culture suspensions of the coccobacUli- 
form bodies are manifestly infective for normal fowl. Only 2 of 44 
birds which were injected intranasaUy with these suspensions failed 
to show a nasal inflamm ation at autopsy. The corj’^za produced in 
this way is serially transmissible by the nasal instUlation of exudate 
and is fully as communicable by direct contact as the original strain 
of coryza which has been maintained by exudate passage. The 
information at hand concerning its duration is somewhat meager but 
indicates a similar tendency towards chronicity. 

The reported observations do, however, indicate one characteristic 
which distinguishes it from the original strain of coryza. Infected 
birds frequently fail to develop a nasal discharge regardless of the 
period of confinement. This inapparent form of coryza is observed 
not only in birds injected with the fetal membrane and tissue culture 
suspensions but also in birds which have received exudate from fowl 
originally infected with these suspensions. The incidence of inap- 
parent coryza in a group of 59 birds was 47 per cent. The inapparent 
form of coryza is characterized by a well marked rhinitis and generally 
a sinusitis which are demonstrable only at autopsy. It should be 
emphasized that similar inflammatory manifestations have never 
been observed in birds injected intranasally with sterile solutions as 
saline, nutrient bouillon, and blood bouillon or with suspensions made 
from uninoculated fetal membranes and tissue cultures. 

A nasal discharge has appeared so regularly following the injection 
of exudate from birds infected with the original strain of corj^za that 
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commonly followed by a coryza which is serially transmissible and 
communicable by direct contact. The specific bodies are generally 
demonstrable in the nasal exudate of birds infected either by injection 
or contact. 

Compared with the original strain of the coryza of slow onset the 
reaction produced by these suspensions is often less vigorous; the 
incidence of apparent cases, characterized by a nasal discharge, being 
97 per cent and 53 per cent, respectively. The apparent cases are 
similarly characterized by a long incubation period and a tendency 
towards chronicit5^ 
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Progress in experimental investigation of tuberculosis has been 
retarded by the chronicity of the disease and by the lack of regularity 
in the course pursued in experimental animals. Whereas in some 
other infectious diseases it has often been possible to control factors 
of dosage of culture and host resistance so that a standardized result 
was obtainable, such has not been the case in tuberculosis. Final 
results in animal experiments on tuberculosis have not been obtain- 
able in less than a few months, and not infrequently a single experi- 
ment has covered a year or more. Thus, in our experience, in ten 
experiments including 120 rabbits, each inoculated intravenously with 
a standard dose of 0.1 mg. of B-1 bovine strain tubercle bacilli (then 
only moderately virulent) and subjected to no therapeutic procedure, 
the first animals succumbed in the 3rd week after inoculation (15 to 
20 days) and several survived more than a year, while one animal 
lived 738 days. In nine of the ten experiments, maximum suarvival 
ranged from 290 per cent of minimum survival up to 4500 per cent. 
Our results with other, more virulent bovine strains and with the 
H-37 human strain have been similarly variable, although somewhat 
less so. Obviously such variations have made interpretation of 
results difl&cult and permitted imavoidable intercurrent factors to 
play a part in the end-result. 

In order to overcome these difficulties, Bogen (1) has adopted the 
procedure of killing all inoculated animals after about 90 days and 
making quantitative estimates of the amount of existing disease. 
Animals d}dng before this time were excluded as having died from or 
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with extraneous causes. He has shown that his method is adaptable 
to statistical analysis, especially when very large numbers of animals 
are used. Even with such procedure, however, the time necessary 
for a single experiment is great, and the cost of animal maintenance 
also large. 

It is readily apparent from the facts just mentioned that a standard- 
izable infection would be a valuable new tool in tuberculosis research. 
It was toward this end that the experiments to be reported were 
directed. It was considered that the optimum result in untreated 
cases would be invariably death, preferably in a short time after inocu- 
lation, that a significant result should be obtainable with minimal 
doses of bacteria, and that all individuals of comparable stock similarly 
treated should succumb at approximately the same time. Having 
adopted these standards, three avenues of procedure were apparent: (a) 
search for a highly susceptible animal host; (6) use of an adjuvant 
(mucin) to enhance the virulence of tubercle bacilli; and (c) study of 
various routes of inoculation to determine which gave the most uni- 
form result. Suffice it to say that all our experiments in the first 
two categories were unsatisfactory; but it was found that the intra- 
cerebral route of inoculation afforded a method for obtaining a stand- 
ardizable result in guinea pigs. 

During recent years several investigators have employed the intracerebral 
route of inoculation in their studies on tuberculosis. Krause (2) made intrathecal 
injections by the postorbital route in his studies on hypersensitiveness. His 
method was used by others in subsequent experiments (12). 

Manwaring (3) trephined the skulls of dogs, inserted a parafl5n plug, allowed 
the wound to heal, and made inoculations through the paraffin plug. He did no 
titration experiments but found that injections of leucocytes prolonged both the 
incubation period and survival time. Austrian (4) inoculated rabbits by a method 
similar to that of Manwaring (3) and also by the lumbar intrathecal route. Aus- 
trian’s description of the clinical course and macroscopic necropsy findings is 
among the best oh record. He suggested use of the method for diagnostic pur- 
poses. A few years later, Foot (5) introduced tubercle bacilli intracerebrally in 
rabbits to study the formation of lesions in the meninges. Kasahara (6) intro- 
duced tuberde bacilli into the subarachnoid space through the atlanto-occipital 
membrane and studied the chemistry and cytologj^ of the cerebrospinal fluid. He 
called attention to the similarity of the disease so produced to the clinical infection 
in man. Soper and Dworski (7, 8) inoculated normal and previously vaccinated 
rabbits with vurjung doses of viable tubercle bacilli. They inoculated also 
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through the atlanto*ocdpital membrane. They found that superinfection of 
vaccinated animals with large doses resulted in early death, whereas when the 
superinfecting dose was small (8), the animals lived longer, demonstrating a pro- 
tective effect of the primary inoculation. Bickford (9) also used the cisternal 
route of inoculation, making the observation that with small doses of organisms 
(800) the incubation period was longer than after a larger dose (500,000). A very 
interesting observation was made in 1929 by Shope and Lewis (10) and Levis and 
Shope (11). They found a high inddence of paralysis in a group of guinea pigs 
inoculated subcutaneously with a strain of human tubercle bacilli isolated from 
sputmn. They transmitted the disease in guinea pigs by serial intracerebral in- 
oculations of brain suspensions, showed that the paralysis was caused by the 
tuberde bacilli, gave a good account of the dinical and pathological course of the 
disease, and described certain changes in properties of the organisms inddent 
upon their residence in the central nervous system. The apparent spedal affinity 
of their strain of organisms for nervous tissue was unexplained. 

An outstanding fact regarding the reports summarized above is 
that none of the investigators mentioned has done titration experi- 
ments and that for the most part very large doses of organisms were 
used. Several workers made note of the fact that animals of a group 
receiving the same dose died at approximately the same interval 
after inoculation (4, 5, 7). Moreover, all these workers indicated, as 
does Calmette (12) that the infection induced by intracerebral inocula- 
tion is acute and uniformly fatal. The experiments reported in the 
foUowing paragraphs indicate also that it is a readily standardizable 
infection by means of which greater precision may be introduced into 
tuberculosis research. 


Materials afzd Methods 

Bacteria . — Six strains of tubercle bacilli were used in the experiments. They 
were: avian TS strain, isolated in 1933 by the late Dr. Theobald Smith; bovine 
strain 36, isolated from a cow in April, 1929, also by Theobald Smith; boviue 
straip B-1, isolated by Dr, E. R. Baldwin at Saranac in 1904; human strain H-37, 
also isolated by Dr. E. R. Baldwin in 1905; and human strains O’Donnell and Fox, 
isolated from^ human patients in 1935 by the author. Each of these strains, ex- 
cept the bovine B-1, was known to be pathogenic for susceptible animals. The 
B-1 strain, formerly virulent, is now almost wholly avirulent. Relatively young 
stock cultures of each strain grown on Carper’s medium (13), adjusted to pH 6.8, 
were employed. Suspensions w*ere prepared by first weighing the organisms im- 
incdiately after removal from the tube, then grinding in a mortar with sterile 
p ysiological saline sufficient to make 1 mg. (moist weight of bacteria) per cc. 
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Dilutions were then prepared so that 0.1 cc. contained Uic desired number of 
orcanisms When mucin was employed, only the final decimal dilution ^ 

S mucin; the suspension therefore contained 90 per cent of the mucin prepara- 

^'°The heat-killed suspension of H-37 was prepared in the usual manner, placed 
in TZLi 50 cc. capLity. the top of which was well heated in a Bu"^^ 
ihp tube sealed with a rubber cap, immersed in a water bath well be} ond the 

and heaSd for 30 minutes while the bath was vigorously 

Gurnet pigs purchased in the open market were 
They were closely inspected and only vigorous, normal animals itere selec ^ 

Tot? instances tLy ™re isolated lor a tew days prior to U.C 

served for evidence of any disease. Male animals have been used for U ^ t 

part, altliough females were also used m one experiment ^ J 

of the animals varied from 350 to 740 gm., the average being ^^^9 gm. m tl t 

larger experiments. In the quantitative experiments, groups of 

closely matched individual and total weights were used, the average m one ^ 

ment being 420 gm. and in another experiment, 505 6“' 

animals weighing about 400 gm. were found to be most suitable for Uie trepl g 
operation as the skull bones were soft enough to permit this operation to b 

In our first experiment with intracerebral inoculation of guinea pigs, 
half tlie animals were inoculated with organisms suspended in saline, tlie reinain er 
^vith organisms suspended in mucin. The latter was prepared by Dr. G- Kake o 
The Rockefeller Institute, according to the method described by him (.14J. _ 

bacteria were suspended in mucin by placing one volume of bacterial suspension 
and nine volumes of mucin in a Petri dish and stirring with a sterile rod or pipette. 

Technique of Inoculation. —The hair is clipped from the scalp of the 
Ether is administered to the point of full surgical anesthesia. The sea p is 
painted with full strengUi tincture of iodine. Using aseptic procedure, a longi- 
tudinal incision, about 8 to 10 mm. long, is made in the skin about 3 mm. to e 
left of the midline. At a point in this plane not exceeding 4 mm. posterior to a 
line connecting the posterior commissures of the eyes, the skull is trephined. e 
instrument we have used is a No. 60 carpenter’s drill fixed in a carpenter’s hoUow- 
handled pin vise,i the drill being so fixed in the chuck of the vise that tlie latter 
prevents penetration beyond the desired point. The injection is made from a 
tuberculin syringe fitted with a fs inch, 27 gauge needle, the amount injected being 
0.1 cc. Closure of the skin incision is made with a single metal clip. The anima s 
regain consciousness within a few minutes and, beyond being a little listless, show 
no untoward effects. With adequate assistance and a litde experience, the entire 
operation requires less than a minute after the animal is anesthetized. The skin 


' L. S. Starrett and Co., Athol, Mass., No. 162 B. 
diameter of 0.04 inch or approximately 1 mm. 


The No. 60 drill has a 
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dip is shaken out by the animal when the wound is healed. Infection of the 
wound is not encountered if the closure is properly done. An occasional animal 
shows torticollis and circular movements (two in 226 instances to date) but re- 
covery is prompt and complete. We have had two deaths from operative trauma 
among 226 animals, so that the hazard of the method itself is small. Death from 
intercurrent disease or extraneous causes has occurred seven times in the same 
groups of animals; twice from peritonitis due to perforation of the gut while 
taking the temperature, twice from purulent meningitis (both in cases in which 
the skin w’ound was improperly closed), and three times from streptococcal pneu- 
monia. 

Pathological Examinations . — ^AU animals were either allowed to die or were 
killed with chloroform when it was evident that esdtus was but a matter of a few 
hours. Surveys of the pathology in the visceral organs and brains were made in 
the gross, the latter then being fixed in 10 per cent formalin and the other tissues 
in Helly's fluid. Paraffin sections were then prepared in the usual manner and 
stained with hematoxylin and eosin. Sections were stained for bacteria with 
hematoxylin and anilin-fuchsin and counterstained with light green. Sections of 
each hemisphere of the bram were cut in the sagittal plane. Estimates on the 
basis of 0 to -f -{- -f + were made of the extent of macroscopic and microscopic 
patholog>’' and of the number of bacteria in the tissues. Sections of brain and 
spleen were examined as routine for the presence of bacteria, the other tissues 
only when it was especially desirable to do so. 

EXPERIMENTAL 

First Experiment. — ^Purpose: (c) to determine the acuity of infec- 
tion induced by intracerebral inoculation of a standard dose of viru- 
lent avian, bovine, or human tubercle badUi; (£») to ascertain vs-betber 
mucin enhances the pathogenic properties of either of these organisms 
■when introduced into the brain of guinea pigs. 

Twelve guinea pigs were used in the experiment. Four indi-viduals received , 
avian, four bovine, and four human type organisms. Of the four inoculated -with 
each strain, two received organisms suspended in sahne, and two received the 
organisms suspended in mucin. In this experiment the dose of each organism was 
0.15 mg. in 0.15 cc. of fluid introduced intracerebrally as described above. 

Results. ^Each of the twelve animals succumbed to the disease, as 
shown in Table I. The time of death was very irregular in the case 
of the four animals inoculated with atrian organisms, namely, from 11 
to 49 days. ^ This was not surprising, however, as the susceptibility 
of guinea pigs to infection tvith the a\nan type bacilli is ver^' low. 
The animals which received mammalian organisms, on the contrary, 
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The question at once arose as to whether this regularity of the time 
of death would maintain with any dose of mammalian organisms; and 
what the effect of smaller dosage would be on the incubation period 
as well as survival time. The next experiment elucidates this point. 

Second ExperinienL — ^Purpose: To determine the effect of d imim sh- 
ing the intracerebral dose of tubercle bacilli on incubation period and 
survival time. 

This experiment was done in two parts. In the first part, forty-eight guinea 
pigs were divided into twelve groups of four animals each. Each group included 
one animal heavier, one lighter, and two very near the average weight which was 
505 gm. Three strains of tubercle bacilli, including two human type (Fox and 
O’Donnell) and one bovine (strain 36) were used, four groups of animals receiving 
any one strain. The volume of the inoculum was constant: 0.1 cc., given intra- 
cerebrally as before; but four different doses of each organism were given. The 
doses were 10“^, 10“®,T0“®, and 10“® mg. and represent respectively, according 
to Baldwin, Petroff, and Gardner (15) and Calmette (12), 5,000,000, 50,000, 500, 
and 50 bacteria. By this simple titration it was hoped that an end-point of dosage 
would be reached at which some animals would survive. Following inoculation, 
those receiving bovine organisms were kept in a separate room from those receiving 
hmnan type strains. Otherwise maintenance was identical. The temperatiue of 
each animal was taken by rectum daily in the forenoon beginning on the 13th 
day after inoculation. Each animal was weighed once weekly and again at 
death. 

In the second part of the experiment, twenty-four animals were used and again 
divided into groups of four each. The average weight was 420 gm. and all ani- 
mals weighed within 60 gm. of this figure. The total weight of each group was 
as nearly as possible the same. In this instance the H-37 human strain was used 
and the organisms were suspended first in saline solution, then the final dilution 
was made with serum. The inoculating dose was therefore contained in 10 per 
cent physiological saline and 90 per cent sterile serum, either normal horse serum 
or normal rabbit serum. The doses of tubercle bacilli were 10'^ mg. (5,000,000), 
10“^ mg. (50,000), and 10"^ mg. (500). Each dose in normal horse serum was 
administered to one group of four animals; and each dose contained in normal 
rabbit serum was given to one group of four. The temperature of each animal 
receiving 10"^ mg. was taken daily. Weights were determined on all animals 
twice weekly. 

Results. Temperature— It was found that the temperature was the 
best index of the condition of the animal at any- period of the disease. 
Contrary to the observation of Shope and Lewis (10) who observed 
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of the fact that there was invariably a rise in temperature before any 
other evidence of disease developed. Chart 1 shows the temperature 
curves of four animals, each receiving different doses of the O’Donnell 
strain of human tubercle bacilli. As will be seen (Chart 1), these 
records began on the 13th day of the disease. The first three ani- 
mals were individuals whose survival time was nearest the average 
of the group. The fourth animal, guinea pig 81 J, survived longer 
than the average of the group but illustrates well the temperature 
curve observed in animals receiving a minimal dose of organisms. 
Chart 1 also shows that three of the four animals exhibited a terminal 




Chart 2 

subnormal temperature, while the final reading on the fourth animal 
was about normal. On Chart 2 may be seen the temperature and 
weight records of guinea pig 235 J, which received lO"* mg. of the 
H-37 strain. The initial post-inoculation rise in temperature is shown. 
Also note that the temperature was elevated for several days before 
the animal began to lose weight. 

Loss of TFczg/z/.— There was frequently a moderate loss of weight 
during the first 2 or 3 days after inoculation. This was almost in- 
variably regained, however, and most of the animals gained a little 
weight, or at least maintained their pre-inoculation weight until 
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about the time the peak of fever was reached. Thereafter there was 
a sharp loss of weight which was progressive until death occurred. 
The average loss of weight computed from the pre-inoculation weight 
and that at death in 65 animals with all doses and all strains of organ- 
isms was 32.36 per cent of the body weight. Of these 65 animals, 
only two failed to show a loss in weight, and these were animals which 
received an inoculating dose of 0.000001 mg. and survived about 1 
month each. In some animals emaciation was extreme, due in part 
to the fact that they were paralyzed and unable to eat during the last 
hours of life. The fact that loss of weight did not begin until about 
the time of maximum fever is illustrated on Chart 2 which shows the 
weight and temperature curves of the same animal. It wll be noted 
that this animal had temperatures exceeding 104°F. on 5 successive 
days before weight loss was initiated. 

Clinical Course of the Disease . — ^The first noticeable symptom was listlessness. 
The animals became less active in voluntary movements, and were infrequently 
heard to make a sound. Appetite at this time was usually well maintained. 
Next the gait became abnormal; it was of a waddling type, unsteady and hesitat- 
ing, and marked weakness of the hind quarters was evident. The coat became 
markedly ruffed in most instances. Paralysis, usually spastic, often but not in- 
variably ensued. This was manifest in one or both hind legs but rarely in the 
fore legs, so that the animals were capable of locomotion by means of the fore 
legs. An occasional animal exhibited circular movements to one or the other 
side. Convulsions were noted in perhaps half the animals but occurred only at 
a late stage in the disease. Preceding death by 12 to 24 hours there was usually 
.stupor, the animal lying on its side but able to make incoordinated movements 
when aroused. The respirations were usually somewhat accelerated and deep at 
this time, the temperature subnormal, and convulsions or rigors were noted. 

Pathological Findings . — If the animal had lived as long as 14 days 
after inoculation, the scalp wound was healed and the skin clip usually 
missing. Even the trephine opening in the skull was frequently 
healed. Some, but not all animals showed a tiny yellow nodule in 
the meninges opposite the point of inoculation. There was marked 
hyperemia of the meninges and brain, most marked at the base of 
the brain and over the cerebellum. Macroscopic tubercles were not 
usually seen, and when they occurred were extremely small and 
opalescent. The meninges were usually moderately thickened. 
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The cervical IjTnph nodes were invariably involved, although 
tubercles were not visible to the unaided eye in about one-third of 
the cases. Other lymph nodes were not ordinarily involved. 

The spleens were not enlarged but usually showed a few pin-point 
tubercles. Microscopically the spleen was tuberculous in almost 
every instance. In Experiments 1 and 2, only four spleens failed to 
show microscopic tubercles and three of these were from animals 
(in Experiment 1) which died in 10, 10, and 11 days respectively. 
Those animak which survived longest usually exhibited the more 
extensive tuberculosis of the spleen. But it must be emphasized 
that involvement of the spleen did not cause splenomegaly, as is Ae 
case in animals inoculated by other routes than the intracerebral. 

Metastatic lesions were next most frequently seen in the liver, but 
were for the most part microscopic, small, interlobular aggregations 
of epithelioid cells without giant cells. Of the animals in Experiments 
1 and 2, ten onl)’^ showed absence of tubercles in the livers. Lesions 
m this organ were more constant and more extensive after human than 
after bovine tubercle bacilli. 

Other organs than the above were not regularly involved. 

Of the adrenals from 54 animals, only four showed lesions. These 
were always microscopic. Only four of the same 54 animals showed 
pulmonary tuberculosis and two of these were the same animak 
which showed lesions in the adrenals. Pulmonary lesions were mini- 
mal in extent and always microscopic. In thirty-eight animak we 
obtained two to four sections of lungs, a total of 92 sections, and 
studied likewise the tracheal lymph nodes from the same animals. 
Whereas only four of the thirty-eight limgs (92 sections) showed 
tuberculosis, the tracheal lymph nodes of twenty-four of the same 
animals were tuberculous. The lung sections from one animal showed 
lesions when the Ijonph node was negative (probably from the opposite 
side). In the other three animals showing pulmonary tubercles the 
lymph node was also involved; so that there were twent>'-one instances 
in which the tracheal node was tuberculous and the lung not. From 
these twenty-one animals we examined forty-eight sections of lungs, 
not less than two from any animal. This result nught seem to indi- 
cate some l>Tnphatic connection between the ceriical nodes (always 
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tuberculous in these experiments) and the tracheal nodes. The only 
other explanation for such a result would appear to be that these 
lungs contained small tuberculous foci not included in the sections. 

Sections of the kidney from each animal failed to show tubercles. 
The reproductive organs and intestines were likewise invariably 
negative. 

Microscopically, the sections of the brains showed extensive gen- 
eralized meningitis involving principally the pia at the base of the 
brain, over the medulla and cerebellum, and extending into the brain 
substance along the blood vessels. Lesions over the vertex were less 
extensive than elsewhere; but the right hemisphere was usually as ex- 
tensively involved as the left. Formed tubercles were the exception, 
not the rule. Rather the lesions consisted of a diffuse reaction of 
granulocytes and large mononuclear cells (monocytes and epithelioid 
cells. Fig. 11), with smaller numbers of lymphocytes, particularly 
in the older lesions. Necrosis occurred in small foci which were rela- 
tively remote from the small arteries (Fig. 8) ; that is to say, the tu- 
berculous tissue around these vessels rarely showed necrosis. But 
everywhere were polymorphonuclear cells showing degenerative 
change. Fig. 1 shows a characteristic field in the meninges over the 
occipital lobe. It may be seen that the dura is intact, while the under- 
lying structures are massively involved in the tuberculous process. 
Fig. 2 shows the perivascular infiltration with mononuclears and 
granulocytes in the brain substance adjacent to the lateral ventricle. 
Fig. 3 shows similar perivascular infiltration at the base of the frontal 
lobe. 

The lesions involving the cerebellum were formed by direct exten- 
sion from tuberculosis in the meninges, or from lesions along the blood 
vessels. Cerebellar lesions were very marked in some animals. 
Characteristic foci of pathology in the cerebellum are shown in Figs. 
4 and 5. Giant cells were very infrequently seen in the lesions. 

The possible means by which the infection spreads from the brain 
to remote organs were: by the lymphatic extension and by way of 
the blood stream. That spread occurred through the lymphatics is 
certain from the fact that the cervical lymph nodes were invariably 
tuberculous. That metastatic lesions may also have arisen by direct 
invasion of the blood stream is indicated by the fact that occasionally 
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tuberculous lesions were seen ■which perforated to the lumen of menin- 
geal veins. Fig. 6 shows a vein at the base of the brain cut longitu- 
dinally, -with its lumen occluded at one point by tuberculous tissue. 
Some of the cells in this tissue contained acid-fast bacilli; in fact 
some cells containing acid-fast bacilli were seen adjacent to the blood 
in the open portion of the vessel. Fig. 7 shows a vein in the ventricle 
similarly involved. 

Sections of the brains stained ■with hematoxylin and anilin-fuchsin 
showed many acid-fast bacilli in the lesions. In animals recemng 
the largest doses, the bacilli were very numerous, as may be seen in 
Fig. 8, from an animal injected ■with 0.15 mg. bo^vine strain 36. In 
general the animals recei^ving bo^vine organisms tended to show some- 
what greater nmnbers of organisms in the lesions than those recei^ving 
human type strains. As an example, Fig. 8, sho^wing many badUi, 
may be compared ■with Fig. 9, sho-wing fewer, the latter from an ani- 
mal recei^vdng 0.15 mg. of the Fox human strain. This maj’^ have 
been due to the fact that there were greater numbers of organisms per 
unit weight in the suspensions of ho^vine organisms inoculated, or to 
more rapid multiplication of the bo^vdne organisms in vivo. That mul- 
tiplication of organisms in vivo did take place may be seen from the 
number of organisms in Fig. 10, from an animal inoculated ■with 10“® 
mg. (approximately 50 bacteria). Many fields in this section showed 
as many tubercle bacilli as were inoculated. Many of the baciUi were 
intracellular, while others were ob^viously extracellular. In which 
situation multiplication occurred can only be surmised. However, 
short chains of two or three bacilli Ijdng end-to-end, which we inter- 
pret as e^vidence of multiplication, occurred both intra- and extracel- 
lularly. Fig. 11 shows intracellular bacilli in short chains. This 
photograph represents an area in the meninges over the cerebellum. 

Not only were tubercle bacilli found ■without difl&culty in the lesions 
of the brain, but they were also numerous in metastatic lesions. In 
the spleens of animals inoculated intracerebraUy, bacilli were often 
more numerous than it has been our experience to find them in ani- 
mals inoculated subcutaneously. 

Survival TiJMe.— Perhaps the most important features of the disease 
produced by intracerebral inoculation of tubercle bacilli were the 
acuity of the disease and the uniformity of survival time in comparable 
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the H-37 human strain, as seen in Table HI. The fact that 0.000001 
mg. is near the end-point of virulence for at least three strains of 
tubercle bacilli may also be seen in Table H, since -with this dose one 
or two animals in each group survived. The prolongation of the 
incubation period, and of the disease itself, brought about by diminish- 
ing doses, is such that a one hundredfold dilution of dosage allowed 
an increase of 4 to 7 days in the survival time. 

Third Experiment. — ^Purpose: (a) to compare the effects of virulent 
and attenuated tubercle bacilli when introduced intracerebrally; and 


TABLE in 

Survival Time in Days of Guinea Pigs Inoculated with Various Doses of H-37 Human 
Tubercle Bacilli Suspended in Normal Horse or Normal Rabbit Serum 


H-37 

Serum 

Normal horse 

Normal rabbit 

Survival 

Survival 

mg. 

days 

days 

10-1 

11, 17, 19, 24 

10, 15, 15, 17 

Average 

17.75 

14.75 

10-^ 

18, 19, 19, 22 

18, 18, 23* 

Average 

19.5 

19.6 

10-^ 

24, 26, 27, 31 

21, 26, 27, 31 

Average 

27.0 

26.25 


* One animal died with pneumonia and is excluded. 


{b) to compare the effects of viable and heat-killed tubercle bacilli 
of the same virulent strain. 

Three male guinea pigs, average weight 543 gm., were each inoculated intra- 
cerebrally with 0.1 mg. of H-37 human tubercle bacilli (virulent). Three male 
piinea pigs, average weight 530 gm., were each inoculated on the same day, 
intracerebrally with 0.1 mg. bovine tubercle bacilli strain B-1 (attenuated). 

^ At a later date two male guinea pigs, weighing 360 and 400 gm., each were 
moculated intracerebrally with 0.1 mg. of living tubercle bacilli, strain H-37. 
At the same time, two other male guinea pigs, weighing 380 and 390 gm., were 
inoculated intracerebrally with 0.1 mg. of the same suspension of H-37 but which 
had been heated 30 minutes in a boiling water bath. 
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The technique of operation in order to make the inoculation intra- 
cerebrally is simple and the cost of instruments negligible. The 
hazard of the operation to the experimental animal is small. The 
time consumed by the operation knd inoculation is little or no greater 
than that necessary for an intravenous inoculation. The results ob- 
tained by this method have many advantages. First, the acuit}' 
of the disease is such that experiments are terminated rather quickly 
with consequent considerable saving in time, and in cost of animal 
maintenance. A fatal result is obtainable vnth sufficiently small 
doses of organisms that the method gives promise of service as a test 
of prophylactic or therapeutic measures. But finally and most im- 
portant of all perhaps, is the fact that the infection induced by intra- 
cerebral inoculation of tubercle badlli in guinea pigs is standardiza- 
ble, and therefore permits the performance of quantitative titration 
experiments. The results of such experiments, expressed in terms of 
survival time, should be readily applicable to statistical methods of 
analysis. 

Certain possible applications of the method herein outlined are at 
once apparent. It seems not unreasonable to believe that it might 
be of value in testing the virulence of tubercle bacilli, for tests of the 
efficacy of prophylactic or therapeutic measures, and in testing anti- 
sera to determine whether antibody against tubercle badlli or anti- 
body against any antigens derived from them have protective proper- 
ties. Certain of the above possibilities are under investigation in 
this laboratory at present, and it may be stated that the method is of 
value in testing the pathogenic properties of Mycobacteria. 

Recently Neiman and Woolpert (16) have employed the intracerebral 
route for inoculating tubercle bacilli into fetal and new-born guinea 
pigs. In comparing their results with ours, it is apparent that fetal 
or new-born animals are not more susceptible to tuberculosis by tbig 
route of inoculation than are older animals; indeed, the reverse may 
be true. It is interesting to note, however, that they also obtained 
an acute and fatal disease. 

From our results it is evident that a dose of 0.000001 mg. (moist 
weight, or about 50 organisms) is near the end-point of virulence for 
at least three strains of mammalian tuberde badlli, since a certain 
number of animals which receive this quantity of badlli survive. Of 
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Results . — One of the three animals inoculated "with bovine B-1 
strain died from general peritonitis following accidental perforation 
of the intestine with a thermometer. This animal will be excluded 
from further consideration. A second animal became paralyzed 59 
days after inoculation and died on the 64th day. Sections of the 
brain showed a single tubercle at the base of the brain with marked 
evidence of healing. No tubercle bacilli could be found in the lesion. 
There was a small group of giant cells in the cerebellum at one point 
— also without bacilli. The cervical lymph nodes were extensively 
tuberculous but all other organs were normal. The other animal re- 
ceiving 0.1 mg. of bovine B-1 showed no marked temperature reaction, 
gained weight, and is alive and healthy 117 days after inoculation. 
The three animals receiving H-37 at the same time died on the 15th, 
17th, and 24th days with typical tuberculous meningitis. 

The two animals receiving heat-killed H-37 remained well and 
gained weight, whereas those receiving the same dose of viable bacilli 
died on the 26th and 31st days® respectively. 

This experiment demonstrates that the clinical course and fatal 
issue are brought about by the properties of virulence associated with 
the inoculated bacilli, since the result is quite different when viable 
attenuated bacilli or heat-killed virulent organisms are used. 

DISCUSSION 

In any problem selected for experimental investigation it is highly 
desirable that the methods used and results obtained be capable of 
standardization. In research in the field of infectious disease, the 
result of any inoculation of animals which is least subject to experi- 
mental error is survival or death from effects of the inoculation. The 
value of the result is likewise greatly enhanced if the fatal result occurs 
at precisely or approximately the same time in individuals receiving 
the same inoculum and the same post-inoculation therapeusis. Such 
an optimum result has by no means been obtainable heretofore in 
tuberculosis research; the method described in this paper, however, 
goes far toward standardization of experimental tuberculosis. 

® The culture with which these animals were inoculated was of a line which is 
slightly attenuated, thus the longer survival than in previous animals receiving 
the H-37 strain. 
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five such animals which recovered, only one exhibited a temperature 
reaction at any time during the disease. This animal had tempera- 
tures exceeding 104.0°F. on 4 successive days, tlie highest being 105.2°. 
None of the five exhibited symptoms. Four of the five were skin 
tested with old tuberculin 5 months after inoculation; two showed 
negative and two showed positive reactions, the individual which 
had shown a temperature rise giving a negative reaction. Since it is 
not possible by the methods at our disposal to make perfect suspen- 
sions of tubercle bacilli, it is probable that the number of organisms 
injected into these five animals was extremely small. With improved 
methods of preparing fine suspensions of the bacteria, such as that 
proposed by Corper and Cohn (17), it is possible that the end-point 
of virulence might be extended and that even greater uniformity of 
longevity might be obtained. 

SUMMARY 

Intracerebral inoculation of tubercle bacilli into normal guinea pigs 
induces acute meningoencephalitis with minor metastatic lesions. 
The disease is fatal in a relatively short time and is characterized by 
a rather typical succession of symptoms and a fairly characteristic 
temperature curve. The disease is produced by very small numbers 
of bacilli; and under standard conditions, survival time is so uniform 
as to make possible quantitative or titration experiments. Certain 
possible applications of the method are discussed. 
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graph shows a vein in the meninges at the base of the brain, cut longitudinally 
and occluded by tuberculous tissue. The cells marked E are the endothelial 
cells. Tubercle bacilli in tlie area are indicated by arrows. Hematoxylin and 
anilin-fuchsin. X450. 

Fig. 7. Section of the left hemisphere of the brain of guinea pig R 4612 which 
was inoculated intracerebrally with 0.1 mg. of the O’Donnell strain (human) and 
died on the 21st day following. The photograph shows a vein in the ventricle 
cut longitudinally with the lumen filled with tuberculous tissue. Vascular en- 
dothelial cells are indicated by E. A tubercle bacillus is clearly shovm at the 
point indicated by the arrow. Hematoxylin and anilin-fuchsin. X450. 

Plate 44 

Fig. 8. Section of the left brain of guinea pig R 4455 which received intracere- 
brally 0.15 mg. of bovine tubercle bacilli, strain 36, and died on the 11th day. 
Photograph of the meningeal exudate at the base of the brain showing numerous 
tubercle bacilli, indicated by the arrows. Hematoxylin, anilin-fuchsin, and light 
green. X 1050. 

Fig. 9. Section of the right brain of guinea pig R 4457 which received 0.15 
mg. of the human strain Fox and died on the 17th day. Meningeal tuberculous 
exudate composed chiefly of mononuclear cells at the base of the brain, showing 
numerous tubercle bacilli, indicated by the arrows. Hematoxylin, anilin-fuchsin, 
and light green. X1050. 

Fig. 10. Section of the right brain of guinea pig R 4614 which received intra- 
cerebrally 0.000001 mg. of the bovine strain 36 and died on the 31st day. The 
number of bacilli present, indicated by arrows, shows that multiplication of the 
organisms must have occurred. Hematoxylin, anilin-fuchsin, and light green. 
X1050. 

Fig. 11. Section of the right brain of guinea pig R 4589 which received 0.001 
mg. of the human strain O’Donnell and died on the 21st day. Note presence of 
bacilli within cells, especially in the multinucleated cells (M). Bacilli lying end- 
to-end, as indicated by the arrows, are believed to indicate multiplication of the 
bacteria. Hematoxylin, anilin-fuchsin, and light green. X 1000. 
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organisms must have occurred. Hematoxylin, anilin-fuchsin, and light green. 
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THE SUSCEPTIBILITY OF SWINE TO THE VIRUS OF 
HU]\'IAN INFLUENZA* 

By RICHARD E. SHOPE, M.D., akd THOMAS FRANCIS, Jr., M.D. 

{From the Deparlmenl of Animal and Plant Pathology, The Rockefeller Institute 
for Medical Research, Princeton, N. J., and the Hospital of The Rockefeller 
Institute for Medical Research, Nesv York) 

Plates 45 to 48 

(Received for publication, June 26, 1936) 

The similarity in the pathogenic properties of human and swine 
influenza virus for ferrets led Elkeles (1) to attempt the transmission 
of the human agent to swine. He foimd that verj”- young pigs (2 to 6 
weeks old), developed a mild iUness when the virus from man was 
given intranasally under light ether narcosis. At autopsy these ani- 
mals sometimes showed scattered dark red bronchopneumonic areas 
of consolidation in the upper lobes of the limg. VTien cultures of 
either swine or hiunan influenza badlli were added to the virus at the 
time of its administration, the swine developed a more severe illness. 
The clinical picture was characterized by a low grade fever, apathy, 
loss of appetite, and sometimes cough. At autopsy varying degrees 
of bronchopneiunonia were encotmtered. Virus, pathogenic for fer- 
rets, could be recovered from the pneumonic limgs. It thus appeared 
that Elkeles had produced a disease somewhat resembling swine influ- 
enza by the administration to young pigs of human influenza virus 
mixed with influenza baciUi of either human or swine origin. This 
observation made more credible the theory that swine influenza may 
have arisen as the result of the infection of swine in 1918 from human 
sources (2-4). 

The question of the pathogenicity ■ of human influenza virus for 
swine was of such importance that it seemed to warrant further 
investigation. The present paper reports our experience in the trans- 
mission of human influenza virus to swine. 

* Presented at the 37th Annual Meeting of the Society of American Bac- 
teriologists in New York, December 26, 1935. 

791 



794 SUSCEPTIBILITY OF SWINE TO HUMAN INFLUENZA 


more days in most cases. It tended to be diphasic, frcqucntl}^ being lower on 
the 2nd than on either the 1st or 3rd day. The animals were depressed, their 
appetites diminished, and they lay listlessly in their pens. The extreme prostra- 
tion seen often in swine influenza was not observed in any of the swine infected 
with human virus and II, injlucnzac suis. Symptoms referable to pulmonary 
involvement were present but less marked than in swine influenza; respiration 
was accelerated and the animals exhibited the peculiar type of diaphragmatic 
breathing best described as “thumping.” None, however, appeared to be in 
particular respiratory distress, 2 animals kept under observation for 2 weeks 
made uneventful recoveries. 

The remaining 9 of the 11 swine which had shown an illness greater than that 
caused by the virus alone were killed either by stunning and bleeding or by 
chloroforming on the 3rd or 4th day after infection. Influenza virus was demon- 
strated in the lungs of all by mouse inoculation and H, influenzae suis was isolated, 
usually in pure culture, from either the pneumonic lung or bronchial exudate of 
each animal. The respiratory tract lesions encountered at autopsy were similar 
in character to but less extensive than those seen in swine influenza. The trachea 
contained a scant to moderately abundant, thick, tenacious, glassy mucous 
exudate. A similar but more copious exudate was present in the bronchi and, 
in the smaller bronchi and bronchioles of pneumonic lobes of the lung, it com- 
pletely filled the lumen. The pneumonia was of the same character as that 
seen in swine influenza but much less extensive. Seldom were more than two 
lobes involved, whereas in swine influenza an involvement of five lobes is the 
rule, and not uncommonly portions of all seven lobes may be pneumonic. The 
right cardiac lobe was most frequently affected, next the azygos lobe, and 
after that either the right apical or upper portion of the right diaphragmatic 
lobe. Lobes on the left side w^ere seldom observed to be involved. The 
affected areas of lung were slightly depressed when compared with uninvolved 
lung and the line of demarcation bet\veen normal and pathological lung was 
sharp. The scattered areas of lobular atelectasis which gave a checker-board 
appearance to the lungs of animals infected with virus alone were replaced by a 
confluent pneumonia in which large numbers of adjacent lobules participated. 
Frequently the entire right cardiac lobe, or most of tlie azygos lobe, or the whole 
base of the right apical lobe was consolidated. The involved lung was a purplish 
red in color, felt firm and leathery, did not crepitate, and, when grasped with 
forceps, was friable in contrast to its usual rubber-like consistency. The cut 
surface was moist and the small bronchi which protruded exuded a thick glassy 
white mucous exudate. A cloudy serous fluid was yielded by the cut lung surface 
itself. Photographs of the lung of a pig infected with human influenza virus 
and H, influenzae suis are shown in Figs. 5 and 6. 

Histologically sections of pneumonic lung cut in such a way as to include small 
bronchi and terminal bronchioles exhibited the following features: The cilia 
lining the smaller bronchi were either entirely gone or badly matted together. 
The bronchial epithelium was fragmented, in places partially desquamated, and, 
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experimeQts with swine influenza virus were discontinued so far as 
possible while the human virus was imder study. The possibility of 
cross-infection, though remote, was nevertheless recognized and for 
this reason at the termination of the present study with the human 
viras in swine the following two experiments were conducted. First, 
known anti-swine and anti-human influenza virus immime sera were 
tested for their ability to neutralize the virus recovered from the Sth 
and last serial passage swine. The virus was neutralized by anti- 
human but not by anti-swine virus sera. Second, convalescent sera 
from three Sth passage swine were tested for their ability to neutralize 
human and swine influenza virus; they neutralized only human virus. 
It is clear from these results that the virus, recovered after serial 
passage in swine, was the human influenza virus entirely imaltered 
immunologically from that with which the studies were begxm. 

DISCUSSION 

The present experiments confirm Elkeles’ observation that swine 
are susceptible to human influenza virus. Contrary to Elkeles’ obser- 
vations, however, it was not necessary to use baby pigs or to anesthe- 
tize the animals in order to induce infections. The lack, of agreement 
may possibly be due to differences in the natural susceptibility of the 
swine used in our experiments and the Dutch pigs employed by Elkeles. 
In this respect, it is of interest that Ferkdgrippe, an enzootic pneu- 
monia of baby pigs prevalent in Germany, is believed by Kobe (14) 
and Waldmaim (15) to have a complex etiology similar to that of swine 
influenza and is transmissible only to young pigs. It is possible, 
from consideration of Elkeles’ work, that, as in the case of Ferkel- 
grippe, only the very young of European breeds of swine may react to 
infection with human influenza virus. 

When the disease produced in swine by the combined action of 
human mfluenza virus and H. influenzae suis is compared with swine 
influenza, it is apparent that the two are sunilar qualitatively but 
different quantitatively . The increased severity of the pneumonia pro- 
duced by the swine virus and bacterium in comparison with that pro- 
duced by the human virus and bacterium seems to constitute a signifi- 
cmt difference between the strains of hmnan and swine influenza 
viruses studied. An explanation of this difference in the two viruses 
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is not evident but it may be that human virus possesses less power 
than swine virus to prepare an extensive area of lung for the invasion 
of H. influenzae suis. A second possible explanation may be that the 
present human influenza virus is inherently less capable of acting 
synergistically with a second agent than is swine influenza virus. The 
failure of H. influenzae suis to establish itself in the respiratory tracts 
of 5 of 16 swine to which it was given in admixture wth human virus, 
as contrasted with its invariable establishment in swine when adminis- 
tered in combination with swine influenza virus, would support this 
second possibility. 

Elkeles’ experiments, and those presented here, have shown that a 
virus from cases of influenza in man is capable of infecting swine when 
administered intranasally, that the pathogenic properties of this virus 
are usually enhanced by the presence of H. influenzae suis, and that 
the resulting pneumonia is qualitatively similar to that seen in s^vine 
influenza. However, it seems unlikety, in view of its low conununica- 
bility, that this recent strain of the human influenza virus could estab- 
lish itself in swine and progress as the cause of any widespread or 
serious epizootic disease. In this respect, it is of interest that two 
strains of swine influenza virus (Iowa, 1934, and Ohio, 1935), recovered 
from hogs since the present human strain was known to be prevalent, 
are serologically the same as swine influenza virus strain 15 (Iowa, 
1930) and thus serologically different (2, 13, 16, 17) from human 
influenza virus of the WS or PR 8 tjqie. 

As mentioned earlier, it has been suggested that swine were origi- 
nally infected \vith influenza from man in 1918 and that tlie swine virus 
is the surviving prototype of the virus prevalent at thM time in the 
human population (2-4). If it could be assumed, for the sake of the 
present discussion, that swine influenza etiologically is a replica of tlie 
human pandemic disease and that man and swine react alike to infec- 
tion with virus and bacterium, then the differences, discussed above, 
in the pathogenicity for swine of the viruses of swine and recent human 
influenza might reflect differences between severe pandemic influenza 
as it occurred in 1918 and the recent milder interpandemic form from 
which both the PR 8 and WS strains of virus were obtained. The 
swine influenza virus, highly communicable and capable of causing 
an extensive pneumonia when acting synergistically with a second 
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organism, would be expected to result in a disease that varied both 
epidemiologically and clinically from that caused by the recent human 
influenza virus, an agent less capable of acting synergistically with a 
second organism and less communicable. 

SXJilMARY 

Swine inoculated intranasally with human influenza virus alone 
develop an ill defined, mild, and usually afebrile illness of short 
duration. At postmortem the anterior lobes of the lungs of such ani- 
mals contain scant, scattered areas of lobular atelectasis. Trans- 
mission of the virus for 5 serial passages through two groups of swine 
failed noticeably to enhance its pathogenicity for this species. The 
disease produced in swine by infection with human influenza virus 
alone is indistinguishable clinically and pathologically from that 
caused by infection \sdth swine influenza virus alone. Transmission 
of human influenza virus from swine to swine by contact succeeded 
in only one of four attempts. 

Swine inoculated intranasally with a mixture of human influenza 
virus and H. influenzae suis usually develop a febrile, depressing illness 
similar to mild swine influenza. The pneiunonia encountered in such 
animals at autopsy is similar to but less extensive than that seen in 
swine influenza. In some animals H. influenzae suis fails to become 
established and the disease then seen is identical with that caused by 
human influenza virus alone. 

The human influenza virus recovered after 5 serial transfers in swine 
was immunologically the same as that with which the experiments 
were begun. 
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EXPLANATION OF PLATES 
Plate 45 

Fig. 1. Dorsal aspect of lung of swine infected wth PR 8 strain human influ- 
enza virus alone. There is a scattered, patchy, lobular atelectasis of the right 
cardiac lobe and the upper portion of the right diaphragmatic lobe. Animal 
chloroformed on 3rd day after infection. 

Fig. 2. Ventral aspect of same lung. 

Plate 46 

Fig. 3. Section of lung of a swine infected with PR 8 strain human influenza 
virus alone showng folded, thickened alveolar walls infiltrated with mononuclear 
cells. The small bronchi are cuffed by accumulations of round cells. Ani mal 
chloroformed on 3rd day after infection. Phloxine-methylene blue. X 68. 

Fig. 4. Higher power of above section to show round cell infiltration of the 
alveolar walls in an area of atelectasis. X 262. 

Plate 47 

Fig. S. Dorsal aspect of lung of swine infected with mixture of PR 8 strain 
human influenza virus and H. injiucuzac suis. There is an atelectatic pneumonia 
of the right cardiac lobe. Animal chloroformed on 3rd day after infection. 

Fig. 6. Ventral aspect of same lung. The pneumonia involves all of the right 
cardiac lobe and lobular areas of the azygos and upper portion of the right dia- 
phragmatic lobes. 


Plate 48 

Fig. 7. Section of a small bronchus in lung of a swine infected with mixture 
of PR 8 strain human influenza virus and H. influenzae suis showing leucocytic 
bronchial c.xudate, fragmented and vacuolated bronchial epithelium denuded of 
cilia, and round cell infiltration of the submucosa. Leucocytes have invaded 
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he mucosa. Animal chloroformed on 3rd day after infection. Phloxine-methy- 
mc blue. X 245. 

Fig. 8. Section of lung of a swine infected with mixture of PR 8 strain human 
ifluenza virus and 27. itijlucnzac suis. The small bronchi contain a dense ix>ly- 
lorphonuclear lcucoc>lic exudate and are cuffed by round cells. The alveolar 
rails are thickened and infiltrated with round cells and some of the alveoli con- 
ain accumulations of polymorphonuclear leucoc>'tes. Animal chloroformed on 
•rd day after infection. Phloxine-methylene blue. X 56. 
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Photographed by J. A. Carlile 


(Shope and Francis: Susceptibility of swine to human influenza) 
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found in fresh vaccine pulp preparations (p.p. substances), they will be 
termed dissociated antigens. Where this distinction is not possible, 
the term precipitable substance will be used. 

EXPERIMENTAL 

The Dissociation of Antigen from Elementary Bodies 

The method of preparing suspensions of elementary bodies for use in 
agglutination tests, which was described by Craigie and Wishart 
(1934), included three successive washings of the elementary bodies 
in the angle centrifuge. The object of this treatment was to dilute 
the p.p. substances well beyond the point at which they might con- 
ceivably interfere with the agglutination reaction, and failure of the 
final washings (third supernatant) thus obtained to give a precipitin 
reaction with antivaccinia serum was regarded as evidence that this 
had been accomplished. Suspensions of elementary bodies prepared 
in this way were stored in dilute buffer solution under ether in the cold 
room until required. In subsequent investigation of the L and S 
agglutinogens, it was observed that S precipitable substance was 
present in solution in suspensions of elementary bodies which had 
been heated to inactivate the L antigen. However, control tests 
showed that heating was not entirely responsible for the liberation of 
S antigen, for most suspensions prior to heating were found to contain 
free precipitable substances which remained in the supernatant fluid 
when the elementary bodies were centrifuged out. Elementary body 
suspensions of var 3 dng age were therefore centrifuged and the super- 
natants subjected to the precipitin test. Most of these supernatant 
fluids gave positive reactions in dilutions ranging from 1 in 2.5 to 1 in 
80. Portions of thrice washed suspensions were therefore centrifuged 
at intervals after preparation and the supernatants examined. While 
in these earlier experiments no precipitable substances were found in 
solution immediately after preparation of the suspensions, they were 
detected on the following day and increased in amount for some days 
subsequently. More recently, by the use of pure L and pure S pre- 
cipitin sera instead of L and S agglutinating sera, this liberation of 
precipitable substances from elementarj’’ bodies has been reinvesti- 
gated. The preparation of the precipitin sera and the reasons for 
referring the L and S antibodies to the corresponding precipitinogens 
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TABLE I 

The Ratio of the Observed to the Calculated Amounts of Antigen Present in Elementary 

Body Suspensions 


Supernatant* 

1 L antigen 

S antigen 

Minimum ratio 

Ma^timum ratio 

Minimum ratio 

Maximum ratio 

Second 

4 to 1 

8 to 1 

4 to 1 ‘ 

8 to 1 

Third 

20 to 1 

80 to 1 

20 to 1 

80 to 1 

Fourth 

1600 to 1 

12,800 to 1 

1600 to 1 

12,800 to 1 


All tables in this paper relate to the C.L. lapine strain of virus (Craigie and 
Wishart, 1934). 

* Second and third supernatants — consecutive wash waters of elementary 
bodies immediately following their separation from fresh dermal vaccine pulp. 

Fourth supernatant — obtained after storage of the washed elementary body 
suspensions for 4 to 7 days in the cold room. 

Nine lots of elementary bodies were investigated, but only the minimum and 
maximum ratios obtained are stated. 


TABLE II 


Elementary 
body harvest 

Supernatant* 

Titre of 

L antigen 

Titre of 

S antigen 

Ratio of observed to calculated 
antigen 

1 

1 

L antigen 

S antigen 

No. 77 

1st 

1 in 200t 

1 in 400t 

— > 




2nd 

lin 20 

1 in 40 

4 to 1 

4 to 1 


3rd 

1 in 5 

1 in 5 

40 to 1 

20 to 1 


4th 

1 in 10 

1 in 10 

3200 to 1 

1600 to 1 

No. 116 

1st i 

1 in 400t 

1 in 400t 





2nd ! 

lin 40 

1 in 40 

4 to 1 

4 to 1 


3rd 

1 in 5 

lin 10 

20 to 1 

40 to 1 


4th 

1 in 40 1 

! 

lin 80 

6400 to 1 

12,800 to 1 


* First, second, and tliird supernatants were immediately consecutive washings 
of the elementar>^ bodies after their separation from fresh dermal vaccine pulp. 
The fourth supernatant was obtained after the elementary body suspensions had 
been stored in the cold room. 

t Titres of p.p. substances from which the titres of the calculated antigen for 
subsequent washings were determined. 
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done in this way (Table III; suspension 350) show that the less un- 
stable bodies in an exhausted suspension retain their agglutinability 
in L and S sera, but it has not been possible to determine whether the 
completely unstable bodies retain antigen on their surface. 

Exhausted suspensions usually remain highly infective. This is 
shown in Table IV which relates to a number of suspensions 3 to 7 
months old. Of these, suspensions 229, 269, 272, 292, and 309 had 

TABLE IV 


Elementary 

A* 

Bt 

body 

suspension 

No. 

Titre of D.A, 

Titre of virust 

Titre of D.A. 1 

Titre of virust 

1 L serum 

i S serum 

L serum 

S serum 

224 

1 in 40 

lin 40 

1 in 10® 

1 in 10 

lin 20 

1 in 10= 

229 

1 in <5 

1 in <5 

1 in 10« 

1 in <5 

1 in <5 

1 in 10« 

269 

1 in <5 

lin <5 

1 in W 

1 in <5 

1 in <5 

1 in 10® 

272 

1 in <5 

lin <5 

1 in lO'^ 

1 in <5 

1 in <5 

1 in 10« 

292 

lin 10 

lin 20 

1 in 10^ 

1 in <5 

1 in <5 

1 in 10' 

309 

lin <5 

1 in <5 j 

1 in W 

1 in <5 

1 in <5 

1 in 10^ 

311 

1 in 10 j 

lin 40 1 

1 in W 

1 in <5 

1 in <5 

1 in 10^ 

319 

lin 20 

1 in 40 

1 in 10® 

1 in 10 

lin 10 

1 in 10® 

326 

lin 10 

1 in 20 

1 in 10® 

1 in 10 

1 in lO 

1 in 10® 

330 

1 in 40 

1 in 40 

1 in 10® 

1 in <5 

1 in <5 

1 in 10® 

360 

1 in 40 

1 in 40 

1 in 10® j 

1 in '20 

lin 20 

1 in 10® 


*The elementary body suspension was centrifuged and the amount of dis- 
sociated antigen (D.A.) in the supernatant was titrated. The elementary bodies 
were resuspended in dilute buffer and titrated intradermally (0.2 cc. volumes 
intradermally). 

t After 3 weeks in the cold room the suspensions were again centrifuged and 
dissociated antigen and infectivity titrated. 

J Infectivity was not titrated in dilutions beyond 1 in 10®. 


previously been centrifuged to obtain dissociated antigen. The 
primary object in examining these suspensions was to procure ex- 
hausted suspensions of fairly high infectivity and thus no attempt 
was made to titrate the virus beyond 10“®. The elementary bodies 
were titrated for infectivity after they had been centrifuged and re- 
suspended in dilute buffer solution, while the supernatant fluid re- 
maining after deposition of the elementary bodies was titrated for 
dissociated antigen. After the resuspended elementary bodies had 
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SO readily demonstrable with fresh suspensions. After a suspension 
has apparently become exhausted, small amounts of S antigen may be 
obtained by heating the suspension at temperatures above 56°C. 
Dissociation of antigen takes place more readily between pH 7.0 and 
pH 8.0 and is definitely depressed on the acid side of pH 6.0. Un- 
fortunately, the p.p. substances and some of the protein of vaccine 
pulp may be thrown out of solution if acidity is increased beyond pH 

6.0, and consequently the use of an acid buffer solution in the prepara- 
tion of elementary body suspensions would considerably reduce the 
amount of these substances which could be removed by washing. 
The yield of L antigen is reduced at reactions more alkaline than pH 

8.0, probably as a result of partial destruction of this labile substance. 

Ether appears to accelerate dissociation to a slight extent, particu- 
larly above cold room temperature. A small but consistent difference 
has also been noted between portions of suspensions suspended in 
distilled water, dilute buffer solution, and 0.85 per cent NaCl solution 
respectively, the amount of dissociation being approximately halved 
in saline solution. The addition of normal rabbit serum to suspensions 
does not appear to appreciably decrease dissociation. Attempts to 
disrupt elementary bodies and thus obtain solutions containing both 
L and S antigens have been unsuccessful. The methods used included 
(a) resuspension in distilled water after exposure to 10 per cent NaCl 
for 24 to 96 hours at 37°C., (b) repeated freezing and thawing, (c) 
repeated desiccation, and (d) violent hammering of suspensions frozen 
with CO 2 snow and acetone in a steel block. No significant amount 
of either antigen was obtained by any of these methods. 

Properties of the Dissoeiated Antigens 

As has been indicated in Tables I and 11, antigens are liberated by 
elementary body suspensions which are precipitable by L or S pre- 
cipitin sera prepared by the injection into animals of vaccinia pre- 
cipitable substances. These antigens are also precipitated by L or S 
agglutinating sera prepared by hyperimmunization of rabbits with 
elementar)' body suspensions. The lability of the dissociated L 
antigen corresponds to that of the L agglutinogen. Altered reactivity 
as shown by impaired precipitability may be induced by heating at a 
temperature as low as 50°C., and exposure to 56-60°C. results in 
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for intervals of 20 hours and 4 days respectively. The L antigen 
shows degrees of inactivation approximately proportional to the 
concentration of formalin, while the titre of the S antigen preparation 
is not reduced. The latter preparation, however, shows a reduced 
precipitability in the region of antigen excess which is proportional to 
the concentration of formalin. 

The relationship between the L and S titres of the dissociated anti- 
gen is a fairly constant one, the L titre being half or slightly more 
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* 246 Abs. S =. seram 246 after removal of S precipitin with dissociated antigen 
229/1. 

Heated D.A. == dissociated antigen heated for 1 hour at 70°C. prior to addition 
of formalin. 

than half that of the S titre. Unsuccessful attempts have been made to 
separate the L and S antigens by absorption of one of the antigens with 
precipitin sera containing only L or S antibody. The equivalent pro- 
portions of L or S antigen and serum were determined by means of the 
Dean and Webb tests (1926), and absorption tests set up accordingly. 
The resultant precipitates were centrifuged out and the supernatant 
fluid examined for residual precipitable substance. It was found that 
the equivalent amount of pure L or S serum removed both antigens 
while lesser amounts brought about an equal reduction in the titres 
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246 Abs. S =. serum 246 after removal of S precipitin with dissociated antigen 
229/1. 

Heated D.A. = dissociated antigen heated for 1 hour at TO^C. prior to addition 
of formalin, 

than half that of the S titre. Unsuccessful attempts have been made to 
separate the L and S antigens by absorption of one of the antigens with 
precipitin sera containing only L or S antibody. The equivalent pro- 
portions of L or S antigen and serum were determined by means of the 
Dean and Webb tests (1926), and absorption tests set up accordingly. 
The resultant precipitates were centrifuged out and the supernatant 
fluid examined for residual precipitable substance. It was found that 
the equivalent amount of pure L or S serum removed both antigens 
while lesser amounts brought about an equal reduction in the titres 
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of both antigens.. Control experiments with other precipitin systems 
failed to reveal any demonstrable adsorption of L or S antigens by 
heterologous precipitates. Table VII illustrates the removal of L 
antigen effected by an S serum. This S serum showed no residual L 
precipitin when the S antibodies were removed by a heated antigen 
preparation. Table VII also shows the failure of a precipitate pro- 
duced by an extract of B. typhosus and 0 serum to adsorb the L or S 
substances. 

The LS antigen dissociated from elementary bodies stimulates the 
production of L and S antibodies. Further reference to this will be 
made in a subsequent paper but it may be pointed out here that owing 
to the comparatively low yields of dissociated LS antigen which can 
be obtained, such preparations are not suitable for the preparation 
of potent precipitin sera. As stated above, L and S precipitin sera, 
obtained by hyperimmunization with preparations of the p.p. sub- 
stances, were employed for the detection and titration of the L and S 
antigens dissociated from the elementary bodies. The ability of these 
sera to agglutinate elementary bodies and precipitate the antigens 
dissociated from them indicates a serological relationship between the 
p.p. substances and the agglutinogens of the elementary body which 
will be considered further in a subsequent paper. 

DISCUSSION 

The observations reported in this paper indicate that specific pre- 
cipitable substances dissociate in vitro from the elementary bodies of 
vaccinia. These substances are precipitable both by pure L and pure 
S precipitin sera and correspond in their thermolability or thermo- 
stability to the L and S agglutinogens previously described (Craigie 
and Wishart, 1934). The addition of an equivalent amount of pure 
L or pure S precipitin serum to solutions of these substances was 
found to precipitate both the labile and stable substances and these 
substances may therefore be regarded as components of a complex 
LS antigen rather than two separate antigens. Furth and Land- 
steincr (1929) found that sera containing only one antibody precipi- 
tated the whole polysaccharide complex of Salmonella species and 
not merely the homologous fraction of the polysaccharide preparation. 
Burnet (1934) has advanced analogous observations on the antigens 
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The mere dissociation of LS antigen from washed elementary bodies 
does not provide an answer to this question of intrinsic or extrinsic 
formation of the antigens of vaccinia for, as Sabin (1935) has pointed 
out, it might be possible for virus to adsorb specific soluble substances 
produced by the infective process and thus become agglutinable. 
According to this view the dissociation of LS antigen in mtro would be 
interpreted as a reversal of an in vivo adsorption. Indeed, certain 
observations noted in this paper might appear to support this view 
that the LS antigen is an extrinsic, not an intrinsic, product of the 
virus. Vaccinia elementary bodies retain a high degree of infectivity 
after dissociation of LS antigen has ceased and subsequent treatment 
fails to liberate any further demonstrable amount of antigen. How- 
ever, the ultimate state of extreme instability attained by suspensions 
still highly infective precludes tests for residual LS agglutinogen. 
Another point is that elementary body suspensions dissociate amounts 
of LS antigen which are small compared with the amount found in 
solution in a suspension of fresh vaccine pulp. Our data indicate 
that a given quantity of fresh vaccine pulp will yield 20 to 50 times 
as much LS antigen as the total amount of elementary bodies re- 
covered from this amount of pulp will dissociate in vitro. 

The view that the agglutinogens of the elementary bodies of vaccinia 
are in reality adsorbed antigens of extrinsic origin involves, however, 
the assumption that the highly resistant elementary bodies present 
in repeatedly washed and aged suspensions represent the only form 
in which vaccine virus may exist. There is very definite evidence 
that the elementary bodies represent the virus of vaccinia since ability 
to initiate the vaccinial infection is resident in these bodies and the 
infective process is accompanied by a great increase in their number. 
Like crude virus suspensions, the elementary bodies retain their in- 
fectivity in the presence of glycerol, ether, or phenol. Ether has been 
extensively used in the preparation and preservation of elementary 
bodies, and suspensions kept in dilute buffer solutions saturated with 
this reagent have been found to retain a remarkably constant infec- 
tivity over many months. The survival of infectivity under such 
conditions indicates a highly resistant, resting phase which contrasts 
with the rapidity of the proliferation of the virus and of the attendant 
pathological changes when these resistant bodies are brought into 
contact with susceptible cells. 
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STUDIES ON THE SOLUBLE PRECIPITABLE SUBSTANCES 

OF VACCINIA 

n. The Soluble Precibitable Substances of Dermal Vaccine 
B v JAMES CRAIGIE, M.B., Ch3., A^•D F. O. WISHART, M.D. 

{From the Connaught Laboratories and School of Hygiene, University of Toronto, 

Toronto, Canada) 

(Received for publication, June 24, 1936) 

In addition to the agglutinable elementary bodies, suspensions of 
dermal vaccine contain soluble precipitable substances which may be 
obtained free of virus (Craigie, 1932; Parker and Rivers, 1935). 
Crai^e, by means of cross-absorption tests, showed that the same anti- 
bodies which were involved in the agglutination of washed elementary 
bodies also precipitated these soluble substances. More recently 
Craigie and Wishart (1934 a) have reported that two distinct agglu- 
tinins occur in antivaccinia sera, the corresponding antigens- being 
distinguished by a marked difference in thermostability. One of these 
antigens, the L agglutinogen, is inactivated at 56°C. while the S 
agglutinogen is stable at 95°C. It has also been found that the 
soluble substances which dissociate in vitro from washed elementary 
bodies contain thermolabile and thermostable components corre- 
sponding to the L and S agglutinogens (Craigie and Wishart, 1936). 
The amount of LS antigen which dissociates m vitro from washed 
elementary bodies is small compared with the amount of soluble 
precipitable substances (p.p. substances) encountered in fresh vaccine 
suspensions. It is not known whetber the latter substances exist 
in vivo in the state of solution m which they are obtained or whether 
they are liberated by the virus when vaccine pulp is subjected to 
manipulation in vitro. At present the question of the relationship of 
these substances to the vegetative form of the virus can be approached 
only indirectly. One method of approach is by the serologic^ analysis 
of these substances with reference to the agglutinogens of the ele- 
mentary bodies. Craigie (1932) found that the elementary bodies 
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of transition towards the extremely resistant form occur in vaccine 
pulp and dissociation of LS antigen is referable to their disintegration, 
a progressive decrease in the rate of dissociation of antigen similar to 
that found on washing and storing elementary body suspensions is to 
be expected. It is not known, however, whether lysis or disintegra- 
tion of elementary bodies can occur and the dissociation of antigen 
in vitro, which progressively decreases, might be interpreted as elution 
of LS antigen from the altered limiting membrane of all the resistant 
virus particles in the suspension. 

Interpretation of the observations reported in this paper along these 
lines provides an alternative to the view that the LS antigen is of 
extrinsic origin and adsorbed by the elementary bodies. Before the 
latter view can be accepted some explanation of the apparently specific 
adsorption of LS antigen by the elementary bodies in vivo and the 
reversal of this process in vitro is required. The former view postulates 
the existence of two functionally different forms of the virus, one of 
which elaborates the LS antigen and retains some of this antigen on 
its surface when it changes into the resistant form. Dissociation of 
this antigen in vitro in a suspension of elementary bodies may represent 
either antigen eluted from the surface of the resistant elementary 
bodies or liberated by the disintegration of less resistant forms. 

CONCLUSIONS 

1. Thermolabile and thermostable soluble precipitable substances 
dissociate in vitro from the elementary bodies of vaccinia. 

2. These substances are serologically related to the soluble pre- 
cipitable substances found in suspensions of fresh vaccine pulp. 
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In addition to the agglutinable elementary bodies, suspensions of 
dermal vaccine contain soluble precipitable substances which may be 
obtained free of virus (Craigie, 1932; Parker and Rivers, 1935). 
Crai^e, by means of cross-absorption tests, showed that the same anti- 
bodies which were involved in the agglutination of washed elementary 
bodies also precipitated these soluble substances. More recently 
Craigie and Wishart (1934 a) have reported that two distinct agglu- 
tinins occur in antivaccinia sera, the corresponding antigens- being 
distinguished by a marked difference in thermostability. One of these 
antigens, the L agglutinogen, is inactivated at 56°C. while the S 
agglutinogen is stable at 95°C. It has also been found that the 
soluble substances which dissociate in vitro from washed elementary 
bodies contain thermolabile and thermostable components corre- 
sponding to the L and S agglutinogens (Craigie and Wishart, 1936). 
The amoimt of LS antigen which dissociates in vitro from washed 
elementary bodies is small compared with the amount of soluble 
precipitable substances (p.p. substances) encountered in fresh vaccine 
suspensions. It is not known whether the latter substances exist 
in vivo in the state of solution in which they are obtained or whether 
they are hberated by the virus when vaccine pulp is subjected to 
manipulation in vitro. At present the question of the relationship of 
these substances to the vegetative form of the virus can be approached 
only indirectly. One method of approach is by the serological analysis 
of these substances with reference to the agglutinogens of the ele- 
mentary bodies. Craigie (1932) found that the elementary bodies 
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and the p.p. substances (Seitz filterable flocculable substance) showed 
a serological relationship. This relationship has been reinvestigated 
since the elementary bodies have been found to possess both thermo- 
labile and thermostable antigens. 

EXPERIMENTAL 

The preparations of the soluble precipitable substances of vaccinia 
used in this investigation were derived from dermal lapine processed 
to obtain suspensions of elementary bodies. The method used has 
been described in a previous paper (Craigie and Wishart, 1934 a) 
which should be consulted for details. When the elementary bodies 
are deposited by angle centrifugation from the lapine extract the 
supernatant fluid is passed through a Seitz EK Alter. These filtrates 
contain the soluble precipitable substances in solution, generally in 
titres ranging from 1 in 400 to 1 in 1600. These crude filtrates* have 
a protein content corresponding to 1 to 2 mg. of nitrogen per cc. or 
more. Although they give satisfactory precipitation reactions with 
antivaccinia serum, they are usually unsuited for more elaborate sero- 
logical tests. If heated for the purpose of inactivating thermolabile 
substances, crude filtrates tend to develop an undesirable degree of 
opacity or instability. Even more important, however, is the presence 
of substances which inhibit precipitation. When a serum is absorbed 
with untreated filtrate, these inhibiting substances are carried over 
into the absorbed serum and interfere with its subsequent examination 
for residual antibodies. In a number of instances, however, satis- 
factory cross-absorption tests have been carried out witli selected 
filtrates. These tests clearly indicated that substances serologically 
identical with the L and S components of the LS agglutinogen and the 
dissociated LS antigen were present in these filtrates. In order that 
these observations on selected filtrates might be confirmed and ex- 
tended, it was found necessary to devise a method of eliminating the 
properties of crude filtrates which generally render them unsuitable 
for absorption tests. 

The LS Fractio7i of Vaccine Filtrates 

Wilson Smith (1932) described the preparation of a heat-stable 
precipitable extract from testicular vaccinia which contained protein 
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and carbohydrate radicles, while Ch’en (1934), using an elaboration 
of this method, has obtained a precipitable substance apparently of 
the nature of a carbohydrate haptene. In repeating and modifjdng 
these procedures results were obtained which suggest that the non- 
antigenic precipitable substances of Smith and Ch’en are components 
of the antigenic S agglutinogen of elementary bodies. Moreover, 
evidence has been obtained which suggests that the S antigen occurs in 
combination with the highly labile L antigen (Craigie and Wishart, 
1936). It was apparent, therefore, that any method used to purify 
the precipitable substances prior to serological investigation must 
avoid disruption of the LS antigen or inactivation of the L component. 
A preliminary investigation of the precipitation of the precipitable 
substances by carbon dioxide, chiUed alcohol, and by alum jdelded 
unsatisfactory results, but precipitation by an acid buffer solution 
seemed more promising. A number of buffer systems were tested 
and the most consistent results were obtained with the HCl-citrate- 
NaOH system described below. Accordingly, the pH at which maxi- 
mum precipitation of the LS antigen occurred was determined for 
various concentrations of electrolyte and subsequently the conditions 
of pH, electrolyte concentration, and time for maximum solution of 
the precipitated antigen with minimum solution of precipitated rabbit 
protein were investigated. A method which has given consistently 
satisfactory results was thus arrived at. It should be borne in mind 
that the pH at which the antigen is precipitated from crude filtrates 
may be influenced by the nature and concentration of the accompany- 
ing proteins. The hydrogen ion concentrations stated in the following 
description of the method are those found to be requisite for 3rd day 
dermal lapine produced by the C.L. strain of elementary bodies. 
Before this method is applied to dermal vaccine filtrates from other 
strains of vaccine virus, particularly strains such as the Armstrong 
testicular strain, or to extracts of other organs and tissue infected with 
vaccinia, preliminary tests should be undertaken to determine whether 
modification of the pH of the acid buffer is necessary. 


_ Preparoli^: of the IS Fraction.-Tht vaccine atrate is first subjected to dialy- 
sis m ceUophane bags. A 1/10 volume of Sorensen’s HCl-dtrate bufr^r fn i 
W28), pH J added to U,e dMy»i a.d aeSSfcSSf L'S 

mnute. The deposit is drataed a«d Suid adherias to the stalls of uTMe S 
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with filter paper. The deposit is then suspended in Sorensen’s citrate-NaOH 
buffer, pH 6.65, the volume used being 1/10 of tlie final volume of fraction desired. 
Four times this volume of distilled water is added and after thorough dispersion of 
the deposit the suspension is centrifuged and the supernatant set aside. The de- 
posit is extracted a second time with the same volumes of buffer (pH 6.65) and 
distilled water as previously used. The two supernatant fluids thus obtained are 
pooled and emulsified with ether and after 24 to 48 hours in the cold room are 
again centrifuged to remove the precipitate which appears. The supernatant 
fluid thus obtained will be referred to as the LS fraction. Saturation of the frac- 
tion with ether provides a convenient method of preventing subsequent bacterial 
contamination. It should be noted that this method also provides a means of 


TABLE I 

Nitrogen* Content of Lapine Filtrates and Derived LS Fraetions 


No. of filtrate and LS fraction 

N per cc. 

Precipitating litre 
(L) 

N per 100 units 
of L antigen 
(approximate) 

Filtrate 7 1 

mz. 

2.39 

1 in 400 

mz, 

0.6 

LS fraction 71 

0.51 

1 in 800 

0.064 

Filtrate 139 

1.26 

1 in 200 

0.63 

LS fraction 139 

0.12 

1 in 400 

0.03 

Filtrate 175 

1.16 

1 in 200 

0.58 

LS fraction 175 ' 

0.21 

1 in 400 

0.053 

Filtrate 283 

0.882 

1 in 400 

0.22 

LS fraction 283 

0.276 

1 in 800 

0.035 


1 unit of LS antigen = amount just yielding perceptible precipitation with 
optimum amount of L serum in a volume of 0.5 cc. 

* Estimated by micro Kjeldahl method. 


concentrating the LS antigen by limitation of the volume of buffer used to dissolve 
the precipitated antigen. The LS fraction thus obtained is, of course, stiU impure 
but is much more suitable for serological tests than the original crude filtrate. A 
considerable amount of protein, however, is soluble at pH 4.45, while further 
amounts fail to dissolve at pH 6.65 or precipitate when the LS fraction is treated 
with ether. The proportion of protein to LS antigen is thus reduced and nitrogen 
estimations indicate that the reduction is an appreciable one. 

In Tabic I the nitrogen content of several crude filtrates and the LS 
fraction derived from them are shown (c) per cubic centimeter of the 
material and {h) corrected for the amount of LS antigen present. In 
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processing, the material was concentrated 2.5 times and the titres of 
the LS fractions were approximately twice those of the original 
filtrates. 

There is evidence that reprocessing of the LS fraction results in 
greater purification, but since the inhibitory substances are reduced 
to a negligible amount by a single treatment, further manipulation has 
not been found necessary. 


Properties of the LS Fraction 

Antigenicity. — ^The LS fraction prepared bj'^ the method which has 
just been desciibed stimulates the production of agglutinins, pre- 
cipitins, and complement-fixing antibodies when inoculated into rab- 
bits. It is proposed to deal with these antigenic responses in detail 
in a subsequent paper. For the present, it may be pointed out that 
the L and S sera referred to in this and the previous paper (Craigie 
and Wishart, 1936) were produced by inoculation' with LS fraction. 
The S sera were prepared by the inoculation of LS fraction heated in order 
to inactivate the L component, while the L sera were derived from sera 
prepared by inoculation of untreated LS fraction by absorbing the S 
antibody from them with heated LS fraction. 

Thermolability and Thermostability. — ^The demonstration of thermo- 
labUe and thermostable precipitable substances in vaccinia filtrates, 
or the LS fraction derived therefrom, is dependent on the use of sera 
which contain only one or other of two distinct precipitins. Both 
precipitins are present in the sera of rabbits during the 2nd week after 
vaccination but subsequently diminish or disappear. Hyperimmun- 
ization of the vaccinated animal at a later date with (a) elementary 
bodies or (6) LS fraction, provides, in most cases, sera of considerably 
higher titre than does vaccination alone. Both predpitins are de- 
veloped in response to inoculation with either of these antigens. This 
may be shown by absorption of the serum with LS fraction heated at 
70°C. for an hour, when the absorbed serum will be found to retam 
its capacity to predpitate unheated LS fraction although the predpi- 
tins for the heated fraction have been removed Tablp TV ’j 
an example of this phenomenon. ^ 


At this point the method of precipitin absorption used should be demerit, 
Pnor to the absorption tests. Dean and Webb tests are set up to deterSS^S 
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the LS antigen. This antigen produces two distinct kinds of antibody, 
one of which reacts with its thermolabile L component, the other with 
its thermostable S component. Each of these antibodies may produce 
agglutination or precipitation according to whether the antigen is 
present on elementary bodies or is in a state of solution. Agglutinin 
and precipitin absorption tests provide evidence that the LS antigen 
occurs (a) on the elementary bodies of vaccinia, (b) in solution in 
fresh suspensions of dermal vaccine. In vitro, the LS antigen may be 
observed to dissociate from the elementary bodies and it would seem 
reasonable to assume that the LS antigen found in solution in fresh 
dermal vaccine represents antigen dissociated from the virus. How- 
ever, it is not known whether the LS antigen of dermal vaccine exists 
in vivo in the state of solution in which it is recovered or whetlier its 
liberation from the virus is brought about by manipulation of the 
vaccine pulp. The question of the virus origin of this antigen has 
been previously discussed (Craigie and Wishart, 1936) when it was 
pointed out that the highly resistant elementary bodies which may 
be isolated from vaccinia-infected tissue do not, from a functional 
point of view, represent the only form in which vaccine virus may 
exist. It was suggested that the LS antigen was a specific product of 
vaccine virus, not in the resting, resistant state shown by elementary 
bodies in vitro, but in the active phase associated with its proliferation 
in a suitable cellular environment. 

The LS antigen is specifically related to the viruses of vaccinia and 
variola. It has been found in dermal vaccine extracts of the guinea 
pig and calf as well as the rabbit (Craigie and Wishart, 1935). In the 
rabbit the C.L. strain of vaccine virus has been principally used in 
these investigations but unpublished observations show that the same 
LS antigen is formed by other strains, such as tlie Armstrong testicular 
strain, the Mulford Z encephalitogenic strain, and variola strains 
adapted to the rabbit. In all circumstances in which this antigen is 
found, L and S components are present in an approximately constant 
ratio unless the material has been exposed to conditions which inac- 
tivate the L component. 

The thefmolability of the L antigen at 56°C. is of interest. In this 
respect it resembles the Vi agglutinogen of B. typhosus but it differs 
in regard to its stability to ether. The L antigen of vaccinia is stable 
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We are indebted to Mr. M. D. Orr, Connaught Laboratories, for 
his kindness in undertaking the nitrogen estimations recorded in 
Table I. 


CONCLUSIONS 

1. Thermolabile (L) and thermostable (S) antigens occur in solu- 
tion in suspensions of vaccine pulp. 

2. These antigens are also present on the elementary bodies of 
vaccinia and participate in the agglutination of these bodies by anti- 
vaccinia serum. 
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EXPERIMENTAL 

Methods 

The vaccine virus preparations used have been chiefly obtained with the C.L. 
strain of lapine (Craigie and Wishart, 1934 a). All data given in tabular form 
in this paper relate to this strain. Where details of methods are omitted they 
will be found in papers to which reference is given. All sera, following their 
separation from the blood clot, were heated for 45 minutes at 56°C. as a pre- 
caution against the antagonistic effect on precipitation demonstrable with low 
titre precipitin sera (Craigie, 1932). Agglutinins were titrated by the method 
described by Craigie and Wishart (1934 a), and the complement-fixing antibodies 
by the method described by the same authors (1934 b). Suitable dilutions of 
Seitz filtrates of lapine or LS fraction (Craigie and Wishart, 1936 b) were used 
for the titration of precipitins, the tests being incubated for 18 hours at 50°C. 

Filtrate or LS fraction heated for 1 hour at 70° C. was used for the direct titra- 
tion of S antibody, while unheated antigen was used to obtain the titre of the 
predominant antibody. Both the LS and S antigens are precipitated by S anti- 
body, and an LS titre whicli does not definitely exceed the S titre offers no clue 
to the L antibody titre. Before the L titre can be determined the S antibody 
must be removed from the serum by the application of an equivalent amount of 
S antigen (Craigie and Wishart, 1936 b), and this was resorted to when necessary. 
On the other hand, it has been found that an LS titre more than twice as great as 
the S titre may be provisionally accepted as the L titre provided that the test LS 
and S antigens contain similar amounts of S antigen. 

Antibody Formation Following Vaccination 

Table I and the first portion of Fig. 1 show the development of 
agglutinins, precipitins, and complement-fixing antibodies following 
dermal vaccination. Only unheated elementary bodies and lapine 
filtrate were used in the serum titrations, and the figure and Table I 
therefore indicate only the titre of the predominant type of antibody. 

The antibody curves shown are typical in respect of the times of 
first appearance and maximum presence of antibody. The agglutinin, 
complement-fixing, and precipitin titres, shown in Fig. 1, however, 
are higher than is usually the case. Following vaccination the maxi- 
mum agglutinin and complement-fixing titres generally range from 
1 in 160 to 1 in 640 while precipitin titres range from 1 in 2.5 to 1 in 20. 
The precipitins (Fig. 1) show a relative increase in their ratio to the 
agglutinins from the 7th to the 16th day. This is probably more 
apparent than real, reflecting the inaccuracies of precipitin tests car- 
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ried out with crude lapine filtrates. Other series of vaccinated rabbits 
have shown a close parallelism between the precipitins, agglutinins, 
and complement-fixing antibody, and further observations are required 
on the antibody response to vaccination, embracing estimations of L 
and S antibodies with the methods now available. It is known, how- 
ever, that both L and S antibodies develop after vaccination. As 
shown in Fig. 1, the antibodies exhibit a progressive decrease in the 
3rd week following vaccination and this continues. Rabbits show a 

TABLE I 


Response to Dermal Vaccination 


Rabbit No, 

Day after 
vaccination 

Agglutinin litre 

Complement-fixing 

titre 

Precipitin litres 

7-5 

4tll 

1 in 5 

<1 in 20 

< 1 in 2.5 


7th 

1 in 320 

1 in 160 

lin 2.5 


lOtli 

1 in 320 

1 in 160 

lin 10 


16th 

1 in 160 

lin 80 

lin 20 


33rd 

1 in 20 

lin 20 

1 in 10 

9-7 

4th 

<1 in 5 

<lin 20 

<1 in 2.5 


7th 

1 in 40 

lin 20 

<1 in 2.5 


10th 

1 in 320 1 

1 in 320 

<lin 2.5 


16th 

1 in 160 

lin 80 

lin 2.5 


33rd 

lin 80 

lin 40 

< 1 in 2.5 

9-9 

4th 

1 in 40 

< 1 in 20 

<lin 2.5 


7th 

1 in 640 ! 

1 in 320 

< 1 in 2.5 


10th 

1 in 320 

1 in 160 

1 in 5 


16th 

1 in 160 

lin 80 

1 in 5 


33rd 

1 in 40 

lin 20 

1 in 5 


considerable variation in the amounts of antibodies which persist 1 
or 2 months following vaccination. Precipitins generally disappear 
in 4 to 6 weeks while small amounts of agglutinins may persist for a 
longer period. 

Infective virus is not essential for the formation of antibodies in the 
normal rabbit, since intravenous injection of both elementary bodies 
rendered noninfective by heat or formalin and virus-free Seitz filtrates 
produce agglutinins, complement-fixing antibodies, and precipitins 
(Craigie, 1934). Certain differences, however, were found in the 
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predpitable substance (Craigie and Wisbart, 1936 a) and we consider 
that the feeble response to injection of dissociated antigen is referable 
to its small content of antigen. The subsequent injections in the 
experiment shown in Table III consisted of infective elementary bodies 
and these brought about a considerable rise in precipitin titre. It will 
be noted that the LS titres {i.e. for untreated filtrate), in contrast to 
those produced by heated elementary bodies (Table II) were signifi- 
cantly higher than the S titre {i.e. for heated filtrate). Comparison 
of Table III with Table IV will show that ratlier higher precipitin 
titres were produced with infective elementary bodies than with LS 
antigen. This slightly greater effectiveness of elementary bodies in 
evoking a response seems to be generally true. 

Hypcrimmunization wiih LS Fraction 

Seitz filtrates of lapine have been used for the production of pre- 
cipitin sera and, more recently, the LS fraction (partiall}^ purified LS 
antigen) which is derived from Seitz filtrates (Craigie and Wishart, 
1936 b). Tables IV and V show the responses of rabbits to intra- 
venous hyperimmunization with LS fraction and S {i.e. heated LS) 
fraction respectively. 

It will be noted that the doses of antigen were graded and it is 
believed that tliis procedure, with a 5 to 6 day spacing of the doses, 
generally evokes the maximum response of which the individual rabbit 
is capable. The doses are expressed in arbitrary units, one unit repre- 
senting tliat amount of LS antigen which will just give perceptible 
precipitation with the optimum amount of precipitin in a volume of 
0.5 cc. The variations in degree of response shown in Tables IV and V 
ma}'’ be taken as representative. Occasionally a maximum titre of 1 
in 320 has been encountered and on the other hand a few rabbits have 
failed to attain either an L or S titre greater than 1 in 10. A com- 
parison of Tables IV and V wll show that only after injection with 
unheated LS fraction may the LS titre exceed the S titre. By means 
of absorption tests it was shown that the rabbits inoculated with 
unheated LS fraction developed both L and S antibodies, while those 
inoculated with S fraction developed S antibodies only. The L anti- 
gen, therefore, is completely inactivated on heating LS fraction for 
1 hour at 70°C. 

As sho-ma in Tables IV and V variations occur in the time taken 
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precipitable substance (Craigie and Wishart, 1936 a) and we consider 
that the feeble response to injection of dissociated antigen is referable 
to its small content of antigen. The subsequent injections in the 
experiment shown in Table III consisted of infective elementary bodies 
and these brought about a considerable rise in precipitin titre. It wiU 
be noted that the LS titres {i.e. for untreated filtrate), in contrast to 
those produced by heated elementary bodies (Table II) were signifi- 
cantly higher than the S titre (i.e. for heated filtrate). Comparison 
of Table III with Table IV will show that ratlier higher precipitin 
titres were produced with infective elementary bodies than with LS 
antigen. This slightly greater effectiveness of elementary bodies in 
evoking a response seems to be generally true. 

Eyperimniunization with LS Fraction 

Seitz filtrates of lapine have been used for the production of pre- 
cipitin sera and, more recently, the LS fraction (partially purified LS 
antigen) which is derived from Seitz filtrates (Craigie and Wishart, 
1936 b). Tables IV and V show the responses of rabbits to intra- 
venous hyperimmunization with LS fraction and S (i.e. heated LS) 
fraction respectively. 

It will be noted that the doses of antigen were graded and it is 
believed that tliis procedure, with a 5 to 6 day spacing of the doses, 
generally evokes the maximum response of which the individual rabbit 
is capable. The doses are expressed in arbitrary units, one unit repre- 
senting that amount of LS antigen which will just give perceptible 
precipitation with the optimum amount of precipitin in a volume of 
0.5 cc. The variations in degree of response shown in Tables IV and V 
may be taken as representative. Occasionally a maximum titre of 1 
in 320 has been encountered and on the other hand a few rabbits have 
failed to attain either an L or S titre greater than 1 in 10. A com- 
parison of Tables IV and V will show that only after injection with 
unheated LS fraction may the LS titre exceed the S titre. By means 
of absorption tests it was shown that the rabbits inoculated with 
unheated LS fraction developed both L and S antibodies, while those 
inoculated with S fraction developed S antibodies only. The L anti- 
gen, therefore, is completely inactivated on heating LS fraction for 
1 hour at 70°C. 

As shown in Tables IV and V variations occur in the time taken 
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IMMUNOLOGICAL STUDIES ON A NEW PREPARATION OF 
TYPE SPECIFIC POLYSACCHARIDE FROM 
PNEUMOCOCCUS TYPE I 

By BACON F. CHOW, Ph.D. 

{From (he Department of Biochemistry, Peiping Union Medical College, Peiping, 

Chim) 

(Received for publication, June 29, 1936) 

The isolation of polysaccharide from the three most common types of pneumo- 
cocci by Avery and Heidelberger (1“3) has made it possible to explain the bio- 
logical type specificity on a chemical basis and is a definite advance in the study 
of the antigenic structure of the bacteria. Since the isolation both European (4) 
and American (5~7) laboratories have also obtained polysaccharides from Type I 
Pneumococcus, which are apparently different from Avery and Heidelberger’s 
soluble specific substance. Thus several names have been given by various 
authors to the polysaccharides of T3^e I Pneumococcus. Fortunately, the general 
confusion has been greatly clarified by the recent paper of Avery and Goebel (8). 
They isolated from the same bacteria a polysaccharide in a more complete form, 
through the omission of an alkali treatment in their preparation. This acetyl 
polysaccharide, as they called it, has labile acetyl groups attached to the soluble 
specific substance. The antigenicity in mice depends on the presence of the 
acetyl group. 

In this report, we shall show that an even more complete poly- 
saccharide can be isolated from the autolyzed broth culture of Type I 
Pneumococcus by slightly modifying Avery and Goebel's method. 

1. Preparation of the Polysaccharide of P7ieuvtococcus Type I from the 
Autolyzed Broth Culture 

Culture.— The Pneumococcus Type I strain used for this work was obtamed 
from The Rockefeller Institute, New York. Its virulence was such that lO-s 
of an 18 hour broth culture killed mice within 48 hours. 

Composition of Culture Medium.— YinAent Type I pneumococci were grown ' 
meat infusion broth of pH 7.6 containing 0.5 per cent NaCl and 10^ ^ 

dextrose. ‘ 

30 Hters of the broth culture was seeded with Pneumococcus Type I 
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12 hours of incubation at 37°C., 10 cc. of a 10 per cent sterile glucose solution was 
added to each liter of broth in order to increase the growth of bacteria. After 7 
or 8 days, most of the bacteria had autolyzed. The pH of the autolyzed broth was 
5.2. The culture was centrifuged to get rid of the bacterial debris and the un- 
autolyzed cells. The slightly opalescent supernatant was concentrated to 3 liters 
in vacno^ the temperature of the culture being maintained below 37°C. 4 liters 
of alcohol (95 per cent) was added to the concentrated broth culture. After 
standing for 30 hours, the supernatant liquid was siphoned off and the precipitate 
was packed by centrifuging in four 250 cc. bottles. The precipitate in each bottle 
was washed with 50 cc. of water and recentrifuged. The w^ashing ^vas continued 
until the supernatant gave only a faint Molisch test. The combined supernatants 
were concentrated in vacuo to 600 cc. and cooled with ice. 70 cc. of 50 per cent 
trichloroacetic acid was added, and the suspension was centrifuged. The pre- 
cipitate was washed 2 or 3 times with cold 10 per cent trichloroacetic acid. The 
combined supernatants and washings were again concentrated in vacuo to 200 cc. 
10 volumes of acetone were added to precipitate the polysaccharide. After 
standing overnight the clear supernatant was siphoned off and the precipitate was 
collected by centrifugation. The polysaccharide w^as repeatedly w^ashed wdth 20 
cc. portions of water and a small amount of insoluble protein residue w^as dis- 
carded. The combined washings were again reprecipitated with 10 volumes of 
acetone. The polysaccharide was again washed with water and precipitated with 
acetone. This process was repeated 4 or 5 times. Finally, the clear polysac- 
charide solution was rapidly dialyzed in the cold against 0.001 N HCl. \\rhen the 
dialysis was complete, the polysaccharide was precipitated with 10 volumes of 
acetone, centrifuged, and dried with acetone and ether. The yield w^as 1.1 gm. 
The product was white. In 1 per cent solution it gave strong positive Molisch, 
but negative biuret, Millon’s, or xanthoproteic tests. 

2. Immunological Properties of the Neivly Prepared Polysaccharide 

It was found that when Type I antipneumococcus rabbit serum was 
absorbed with the acetyl polysaccharide, the absorbed serum still 
effectively protected mice from an otherwise fatal dose of Type I 
pneumococci. This fact means that either there is more than one kind 
of protective antibody in the rabbit antiserum or that the acetyl 
polysaccharide is still not in the natural and most complete form or 
possibly both. The following experiments will show that our pdy- 
saccharide is stiff more complete than the acetyl polysaccharide, for it 
possesses the immunological properties of the latter, and it will also 
precipitate an antipneumococcus Type I rabbit serum absorbed with 
the acetyl polysaccharide. 
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Precipitin Reaction of the New Polysaccharide in Aiitipneuinococcus 
Rabbit and Horse Sera, Absorbed and Unabsorbed by 
Acetyl Polysaccharide 

It was shown elsewhere (9) that Type I antipneumococcus rabbit 
serum absorbed with the acet}^ polysaccharide would still react with 
our polysaccharide and that our polysaccharide precipitated about 3 
times as much of antibody from the immune rabbit serum as the 
acetyl polysaccharide. 

It was therefore of interest to ascertain whether Type I antipneu- 
mococcus immune horse serum previously absorbed with the acetyl 
polysaccharide would react with the new polysaccharide. Our results 


TABLE I 

Delcrminalion of the Total Antibody Content of an Immune Rdblni Serum by the 
Quantitative Agglutirtation Method 


Experiment 

No. 

1 Volume of 

1 scram 

Total volume 
of heat-killed 
j \'acdne 

Total protein in 
the predpitate 

Protein in total 
i.’accme 

Agglutinin 
protein per cc. 
of seram 


cc. 

a. 

WKSm 

rti. 

■an 

A ! 

1,00 

WSSm 

HIH 

2.10 

mSsU 

B 

1.00 

■■ 

Hil 

1.44 



confirmed the findings of Avery and Goebel (8) in that unlike the 
immune rabbit serum, the corresponding horse immune serum pre~ 
viously absorbed with the acetyl potysaccharide would neither react 
with our polysaccharide nor agglutinate Type I pneumococci. 

This difference in the homologous types of immune rabbit and horse 
sera is not unexpected, for it is now well known that immune sera 
from these two species differ both chemically and immunologically 


Per Cent of the Total A7tUbody Protem in Immune Rabbit Serum 
Precipiiable by Our Polysaccharide 

It was of interest to find what portion of the antibody in the immun 
serum was precipitated by the acetyl and by our polysaccharides. T 

^ Tf f serum, we have foUowe< 

quantitative agglutination of Heidelberger and Kaba 
. The results are shown in Table I. 
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Thougli the absorbed serum could still agglutinate Tj'pe I pneiuno- 
cocci, the agglutination titre of the serum absorbed with our poly- 
saccharide was greatly reduced. 

Aiitigeniciiy of the Polysaccharide in Mice and Rais 

An important guide of the immimological properties of the poly- 
saccharide from Type I Pneumococcus is its antigenic response in 
mice. Many investigators have definitely shown that their poly- 
saccharides derived from Type I Pneumococcus lost their antigenicity 
when boiled with alkali. Avery and Goebel have shown that the loss 
of antigenicity is due to the loss of acetyl groups of the polysaccharide. 


TABLE ra 


Agglutination of Type I Pneumococcus in Immune Rabbit Serum before and after 
Absorption with the Polysaccharides 


Fin^l dHution of sera 



1:20 

1:40 

1:80 

1; 160 

1:320 

1 1:640 

1:1280 

1:2560 

Unabsorbed 

++ + 


++++ 

++++ 

++++ 

+++ 

++ 

di 

Absorbed Tvitb the 
acetyl polysac- 
charide ' 

++++ 

++++ 

-i-+=fc 

++ 

+ 




Absorbed Trith the 
ne^ly prepared 
polysaccharide 

++ 

++ 

+ 







It was therefore of interest to see whether our polysaccharide, which is 
apparently more complete, would also lose its antigenicity in mice. 

0.5 cc. of 1 ; million dilution of the polysaccharide was injected intraperitoneally 
into each of a group of six nuce. Another group of six mice received identical 
amounts of the same polysaccharide previously heated at 100°C. in 0.05 K NaOH 
for 30 minutes. Three doses were given to each group at the intervals of 3 days. 
3 days after the last injection, the mice were given intraperitoneally 0.5 cc. each 
of a virulent culture of Type I Pneumococcus. The results are given in Table IV. 

It is of interest to note that our preparation is apparently more 
resistant to alkali than those from other laboratories. However it 
must not be taken to mean that alkali will not destroy the antigenidty 
of our polysaccharide, for a prolonged boiling in 0.05 n wiU convert 
the polysaccharide to serologically nonreactive substances. 
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Mice weighing 15 to 20 gm. were used. Each mouse received 0.2 cc. serum and 0.5 cc. culture. Sera from these six 
rabbits before immunization showed no protection in mice against a fatal dose of Pneumococcus Type I. 
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All mice used for the experiment reported in Table \TII received three doses 
of 0.5 cc. of 1 -.million dilution of the original, or add-treated polysaccharide. 
The immunizing procedure vras identical with that previously ^ven. 


TABI£ VH 


Precipitin Reaction of the Polysaccharide after the Treatment with 0.500 JV Acetic Acid 


Final dilution of the polysaccliaride hydrob'zed by adds 



1:10,000 

1:40,000 

1:160,000 

1:640.000 

1:2,560,000 

Unahsorbed 

++++ 

++++ 

++++ 

++ 

+ 

Absorbed with the acetyl 
polysaccharide 






Absorbed with the deacety- 
lated polysaccharide 

+++=b 

+-h 

+ 




TABLE Vni 


Anligenic Action in Mice of the Newly Prepared Polysaccharide before and after 

Acid Treatments 


Dnatjon of 
pnctimococcus culture 
CTypel) 

Normal mice 

Mice immunized ^tb 
the newb' prepared 
polysaccharide 

Mice immunized 
with the add-treated 
polysaccharide 

cc. 

10“* 


_ 

s 

s 

s 

s 

ia-« 

D30 

D48 

s 

s 

s 

s 


D30 

D48 

s 

s 

s 

s 

10-7 

D30 

D49 

— 

— 




10-8 

D30 

D30 

— 

— 

— 

— 


S « survived. D followed by a number = death occurred at the number of 
hours. = not done. 


TABLE DC 

Precipitin Reaction of the Polysaccharide after the Treatment -with Q.OS k NaOH 


Senun. 


Final dflntion of the polysaccharide hydrolyaed by aliaU 



1:10,000 

1:40,000 

1:160,000 

1:640,000 

1:2,560,000 

TJnabsorbed 

++++ 

++++ 

-f+-f 

4-+ 

+ 

Absorbed vritb acetyl poly- 


— 
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1 
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++ 
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precipitative activity ■witli the immune rabbit serum absorbed with 
the acetyl polysaccharide was destroyed. However, it could stUl 
react with the unabsorbed immune serum and with serum absorbed 
with the deacetjiated polysaccharide. The results are recorded in 
Table IX. 

The effect of acid on the antigenicity of our polysaccharide in rabbits 
was also studied. It was found that the polysaccharide obtained after 
the acid treatment was no longer antigenic, for the sera from three 
rabbits immunized with the acid-treated polysaccharide afforded no 
protection on mice against a virulent strain of T>’pe I pneumococci. 
The result of the protective action of the immunized rabbit sera is 
given in Table X. 


StBQlARY 

A type specific polysaccharide has been isolated from the autolyzed 
broth of Type I Pneumococcus by a modified Averj-' and Goebel’s 
method. 

The newly prepared polysaccharide reacts with the homologous 
immime rabbit serum which has been completely absorbed with the 
acetyl polysaccharide of Avery and Goebel. 

The newly prepared polysaccharide produces passive immunity in 
mice and rats and possibly in rabbits. 

The antigenicity is not lost on boiling in acid or alkaline medium, 
but the precipitative activity is decreased. 

In conclusion, it has been shown that the polysaccharide from T)'pe 
I Pneumococcus, as isolated by a slight modification of Avery and 
Goebel’s method, is a more complete antigen. 
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LIPIDS AND BILIUNOLOGICAL REACTIONS 

IV. The Lipid Patterns of Specific Precipitates from Type I 
Anupnehmococcds Sera 
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{From the SospUal of The Rockefeller Insiitulefor Medical Research) 

(Received for publication, June 26, 1936) 

It has been shown (1) that, after the extraction of lipids, antipneu- 
mococcus horse serum fails to ^ve fype-specific agglutination or 
precipitation, and with antipneirmococcus rabbit serum these reactions 
are almost entirely eliminated. If these extractive procedures are 
carried out in such a manner as to avoid denaturation of proteins the 
removal of the lipids in no way interferes with the fundamental 
capacity of the antibody to combine with the specific antigen; lipid 
extraction merely affects the secondary in vitro phenomena of immu- 
nological reactions (1,2). 

A tentative hypothesis formulated to explain these results held that 
antipneumococcus antibodies might be lipo-protein complexes. This 
theory found some support in the fact that the original agglutinating 
and precipitating properties of the lipid-extracted immune sera could 
be restored by the addition of certain purified phosphatides, although 
in this restoration there was a curious selectivity dependent upon the 
species origin of the antibody. Thus the “essential” phosphatide for 
antipneumococcus horse serum is kcithin, while that for antipneumo- 
coccus rabbit serum is cepJialin (1). 

The more obrious approach to the establishment of this thesis would be thr h 
the study of the antibody isolated in a completely pure form. Smce the h 1 ^ 
isolation of antibodies has not yet been accomplished, a second and s 
indirect approach was adopted. Specific immune precipitates were obt^^d b ^ 
adding the pneumococcus capsular polysaccharide to antipneumococ ^ 
These predpitates might have been expected, from the general theories of 
antibody reactions, to contain only the carbohydrate and the antibod ^ 
found, however, that these predpitates also contained lipid the am 

from 4 to 51 per cent of the total mass of the predpitate (3) mi,- 

'■ •‘■“s finding was 
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unexpected in still another sense, for it had been determined in the earlier work 
(1) that the amounts of phosphatide necessary to restore tlie in vitro properties of 
extracted antipneumococcus sera were very small (approximately 0.025 mg. per 
cc.) and thus could not account for the relatively large amounts of lipid in the 
immune precipitates. As these studies progressed it became increasingly appar- 
ent that this large quantity of lipid was, for the most part, present as a result of 
adsorption, since the amount in the precipitate seemed to be a function of the 
lipid concentration of the reacting mixture (3). In spite of this fact and even 
though the probable amount of the essential lipids would be too small to estimate 
by any of the present chemical methods, it seemed important to determine the 
nature and amounts of the various lipids in the immune precipitates, particularly 
with reference to the concentration of these lipids in the immune sera. 

In. this paper are presented quantitative data determined by the 
microchemical study of Type I antipneumococcus horse and rabbit 
sera and of the specific precipitates prepared from them. From these 
data total lipid patterns have been calculated. 

Methods 

Two separate lots of unconcentrated and monovalent Type I antipneumococcus 
rabbit serum and one lot of T 3 q)e I antipneumococcus horse serum have been 
used as antibody source. The sera were first filtered through a Berkefeld V and 
were then whirled at 0°C. for 30 minutes in the angle centrifuge to remove any 
particulate matter. As the specific precipitant, the acetyl capsular polysaccharide 
of Pneumococcus Type I was used. Precipitates were prepared and washed 
according to the method of Heidelberger and Kendall (4). The analysis of total 
nitrogen in the precipitates was carried out in a manner identical to that pre- 
viously described (3), and lipids were extracted from the precipitates by the 
technique described in the same paper. Lipid fractions were analyzed by the 
methods of Kirk, Page, and Van Slyke (5), each determination being made on two 
aliquots of the extracts. The figures given in Table I represent the mean value 
of duplicate determinations in each instance. The precipitates were analyzed for 
total nitrogen, lipid carbon, lipid nitrogen, lipid amino nitrogen, lipid phosphorus, 
total cholesterol, and free cholesterol. Total lipid, total phosphatide, phos- 
phatide carbon, free cholesterol carbon, esterified cholesterol, cholesterol esters, 
cholesterol ester carbon, neutral fat carbon, and neutral fat have been calculated 
from these data according to the various equations of Page, Kirk, Lewis, Thomp- 
son, and Van Slyke (6). In Table I of the present paper, these equations are 
designated by the numbers (i.c., 1 to 7) used by these authors. 

In order to obtain .precipitates with a sufiicient lipid content to permit of 
adequate analyses, it was necessary to use a considerable quantity of antisera in 
their preparation. The values given in Table I were found in precipitates prepared 
in the equivalence zone from 3.0 cc. of antiserum. Other precipitates were pre- 
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for this sharp qualitative difference, there was a considerable similarity 
between the lipid patterns not only of the precipitates but also of the 
sera themselves. The relationships between the various fractions 
comprising the total lipid patterns of these antisera and precipitates 
are shown graphically in Text-fig. 1. 


TABLE I 

Lipid Patterns of Type I Antipneumoeoecus Horse and Rabbit Sera and of Specific 

Precipitates Derived Therefrom 


Substance 

Method 

Type I antipneumoeoecus 
scrum 

Specific precipitates 

Horse 

Rabbit 

Horse 

antiserum 

Rabbit 

antiserum 

Mg. per 100 
cc. 

oIH 

o si 

U O 

0) 

1 

o 1 

Vt 

a 

Per cent of 
total lipid 

H 

U) 

<3, 

ti 

s 

Per cent of 
total lipid 

i 

o 

Q. 

M 

S-l 

0^ 

Per cent of 
total lipid 

Total nitrogen 

Determined 





150.2 


150.8 


Lipid carbon 

Determined 

194.2 


173.7 


63.0 


52.1 


Total lipid 

Equation 7 

252.5 


225.9 


81.9 


67.7 


Lipid nitrogen 

Determined 

5.41 


2.48 


3.08 


1.54 


Protein nitrogen 

Calculated 





147.1 


149.2 


Lipid amino nitrogen. 

Determined 

1.93 


0.77 


1.69 


0.08* 


Lipid phosphorus .... 

Determined 

2.42 


1.15 


0.82 


0.85 


Phosphatide ' 

Equation 1 

56.9 

22.5 

27.0 

12.3 

19.4 

23.9 

20.0 

29.8 

Phosphatide carbon . . 

Calculated 

37.5 


17.8 


12.8 


13.2 


Total cholesterol 

Determined 

87.9 


87.1 


46.8 


37.1 


Free diolesterol 

Determined 

20.6 

8.1 

10.3 

4.7 

25.3 

31.1 

22.3 

33.1 

Free cholesterol 










carbon 

Calculated 

17.2 


8.7 


21.2 


18.7 


Esterified cholesterol. 

Equation 2 

67.3 


76.7 


! 21.6 


14.8 


Cholesterol esters .... 

Equation 3 

115.5 

46.7 

129.8 

69.1 

36.4 

44.9 

25.0 

37.2 

Cholesterol ester 










carbon 

Calculated 

94.3 


107.5 


30.2 


20.7 


Neutral fat carbon . . . 

Equation 4 

45.1 


39.8 


0.0 


0.0 


Neutral fat 

Equation 5 

59.5 

23.6 

52.5 

23.9 

0.0 

0.0 

0.0 

0.0 

Total lipid 

Equation 6 

252.5 


219.7 


81.1 


67.3 



* Quantity not significant. 


In order to confirm these results complete lipid patterns have been 
determined on four separate precipitates from the two lots of Type I 
antipneumococcus rabbit sera. In these precipitates lipid amino 
nitrogen was found to account for an average of but 5.62 per cent of 
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for this sharp qualitative difference, there was a considerable simih 
between the lipid patterns not only of the precipitates but also oi 
sera themselves. The relationships between the various fract 
comprising the total lipid patterns of these antisera and precipit 
are shown graphically in Text-fig. 1. 


TABLE I 

Lipid Patterns of Type I Antipneumococcus Horse and Rabbit Sera and of Sp 

Precipitates Derived Therefrom 


Substance 

Method 

Type I antipneumococcus 
serum 

Specific precipitate! 

Horse 

Rabbit 

Horse 

antiserum 

Rabl 

antiser 

Mg. per 100 
cc. 

Per cent of 
total lipid 

! i 

<u 

p. 

Per cent of 
total lipid 

e 

to 

u 

u 

G. 

W 

S 

Per cent of 
total lipid 

i 

o 

D. 

to 

S 

Total nitrogen 

Determined 





150.2 


150.8 

Lipid carbon 

j Determined 

194.2 


173.7 


63.0 


52.1 

Total lipid 

Equation 7 

252.5 


225.9 


81.9 


67.7 

Lipid nitrogen 

Determined 

5.41 


2.48 


3.08 


1.54 

Protein nitrogen 

Calculated 





147.1 


149.2 

Lipid atmno nitrogen. 

Determined 

1.93 


0.77 


1.69 


0.08* 

Lipid phosphorus. , . . 

Determined 

2.42 


1.15 


0.82 


0.85 

Phosphatide 

Equation 1 

56.9 

22.6 

27.0 

12.3 

19.4 

23.9 

20.0 

Phosphatide carbon . . 

Calculated 

37.5 


17.8 


12.8 


13.2 

Total cholesterol 

Determined 

87.9 


87.1 


46.8 


37.1 

Free cholesterol 

Determined 

20.6 

8.1 

10.3 

4.7 

25.3 

31.1 

22.3 

Free cholesterol 









carbon 

Calculated 

17.2 


8.7 


21.2 


18.7 

Esterified cholesterol. 

Equation 2 

67.3 


76.7 


1 21.6 


14.8 

Cholesterol esters .... 

Equation 3 

115.5 

45.7 

129.8 

69.1 

1 36.4 

44.9 

25.0 

Cholesterol ester 






1 



carbon 

Calculated 

94.3 


107.5 


30,2 


20.7 

Neutral fat carbon , . . 

Equation 4 

45.1 


39.8 


0.0 


0.0 

Neutral fat 

Equation 5 

59.5 

23.6 

52.5 

23.9 

0.0 

0.0 

0.0 

Total lipid 

Equation 6 

252.5 


219.7 

1 

81.1 


67.3 


* Quantity not significant. 


In order to confirm these results complete lipid patterns have b 
determined on four separate precipitates from the two lots of Typ 
antipneumococcus rabbit sera. In these precipitates lipid am 
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the lipid nitrogen, -with a range of 4.32 to 7 .44 per cent. Lipid patterns 
have also been determined on four separate precipitates from the tvro 
lots of antipneumococcus horse sera; two from Type I antiserum and 
two from a mixed Type I and Type 11 serum. In these instances 

Lipid Patterns 

Horse Rabbit 


"Whole 

serum 


= jEhosphatides 
^ = Free cholesterol 
= Cholesterol esters 
I I = Neutral fats 


Specific 

precipitate 


■piXT-FiG. 1. Diagrammatic representations of the lipid patterns of Tvoe I 
antipneumococcus horse and rabbit sera and of specific predpitates derived 
from. The differences in the phosphatide fractions are fully described in th 






Hpid amino nitrogen formed an average of 54.68 per cent of the iinlri 
mtrogen, With a range of 54.18 to 55.40 per cent. ^ ^ 

In the light of these observations, the difference noted in v 
phatide fiactton ot the UpMs in specilic predpitates assnn.es deWte 
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or cephalin in small amoimts, it is possible to gain an approximation of their 
quantity by indirect means. This involves calculations based upon lipid phos- 
phorus, lipid nitrogen, and lipid amino nitrogen. When, as in the case of the 
lipid fraction of the specific precipitate from rabbit antisera, almost insignificant 
quantities of lipid amino nitrogen are found and appreciable amounts of both lipid 
phosphorus and lipid nitrogen are determined, it becomes obvious that cephalin, 
an amino nitrogen-containing phosphatide, is present in amoimts so small as 
almost to escape detection by the methods used. In order to account for both 
the lipid phosphorus and lipid nitrogen found it is necessary to assume that in 
this instance these form parts of a non-amino nitrogen-containing phosphatide. 
Since lecithin fulfills these requirements and is known to constitute a large portion 
of the phosphatides of serum, it is logical to suppose that lecithin is present and 
comprises much the larger proportion of the phosphatide in the specific precipitate 
from rabbit antiserum. 

On the other hand, when, as in the case of the specific precipitates 
from horse antisera, as much as 54.6 per cent of the total lipid nitrogen 
is in the amino form, and when this quantity of amino nitrogen is 
considerably in excess of the theoretical amount necessary to give an 
atomic ratio of 1 with the lipid phosphorus foimd, it becomes apparent 
that the larger part of the phosphatide present in the precipitate 
contains amino nitrogen. Since cephalin contains both amino nitrogen 
and phosphorus, and is known to be present in serum, it is fair to con- 
sider that the phosphatide fraction in the specific precipitates from 
horse antisera is largely cephalin. 

Finally, it may be suggested that since the lipid patterns of specific 
precipitates from horse and rabbit antisera are quite different as 
regards the nature of the phosphatide fraction, although the lipid 
patterns of the antisera themselves are very similar, selective adsorp- 
tion of phosphatides by the two different precipitates may account 
for the observed dissimilarity. It appears that from serum containing 
both lecithin and cephalin, a forming precipitate resulting from the 
union of the horse antibody and the homologous capsular polysaccha- 
ride carries down an amino nitrogen-containing phosphatide which is 
probably for the most part cephalin, while under the same circum- 
stances the rabbit antibody-polysaccharide complex carries down a 
non-amino nitrogen-containing phosphatide which seems to be larcelv 
lecithin. ^ ^ 

These findings present a curious paradox. It has been shown that 
lecithm restores the m vitro properties of horse antiserum extracted by 
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which is probably cephalin, while that from rabbit antiserum contains 
a non-amino phosphatide, which is thought to be lecithin. 
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A QUANTITATIVE TECHNIQUE FOR PERFORIHING 

PLASMAPHERESIS 


By DANIEL MELNICK,* Ph.D., akd GEORGE R. COWGILL, Ph.D. 

With the Cooperation of Ethel Bhrack,** Ph.D. 

{From the Laboratory of Physiological Chemistry, Yale University, New Haven) 
(Received for publication, July 6, 1936). 

Repeated bleedings of an animal, followed immediately by the rein- 
jection of corpuscular elements of the blood suspended in Locke’s 
solution, results in depletion of the plasma. This procedure, a modi- 
fication of that used by Morawitz (1), was first employed by Abel, 
Rowntree and Turner (2), and was called plasmapheresis by these 
investigators. 

This technique was successfully used by Whipple and his associates 
(3-5) in studying the effects of diet and fasting on the curve of serum 
protein regeneration. Recently the Whipple group (6-8) has at- 
tempted to evaluate dietary factors as specific agents for promoting 
the formation of new serum protein. However, in these studies (6-8) 
plasmapheresis does not appear to have been performed quantitatively; 
judging from the data as reported (7, 8), the blood protein level was 
not constant but varied from 3.18 to 4.69 per cent. Thus the intensity 
of the stimulus for senun protein regeneration during each of the 
dietary periods in all probability was not the same. 

In any quantitative approach to the study of the influence of diet 
upon the regeneration of serum protein it is essential to maintain the 
basal level of serum protein constant. In our investigation of this 
problem, plasmapheresis was performed by what we believe to be a 
highly quantitative method. By daily prelimmary determinations 

*This paper is a report of certain material contained in a dissertation presented 
by Daniel Melnick in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy, Yale University, 1936. A part of the expense of this 
investigation was borne by a grant to George R. Cowgill from the Research Fund 
of the Yale University School of Medicine. 

** Standard Brands Inc. Fellow, 1934-1936. 
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TECHNIQUE EOR PERFORMING PLASMAPHERESIS 


to the presence of the stirrer. The motor driven stirrer (-d) rotates at about 150 
to 200 revolutions per minute. This feature not only permits the system to be 
relatively compact, giving less play of rubber tubing, but also enables two individ • 
uals to conduct a bleeding in a highly efficient manner. The minimal agitation 
produced b}^ the rotating stirrer, the spiral form of the active stirrer (G) and the 
construction of the inlet tube (E), causing the blood to flow gently down the side 
of the graduate, reduce hemolysis to a minimum. Determinations of the extent 
of hemotysis produced during this stage of plasmapheresis were carried out as a 
preliminary step in a later stud 3 ^ The value of 2.5 mg. of hemoglobin per 100 
cc. of citrated plasma appears to be a valid expression of the hemob^tic clTccts of 
this initial stage of plasmapheresis. The mercur}'' seal {D) allows efficient stirring 
with the system under a negative pressure of 230 to 240 mm. of mercury. The 
negative pressure is maintained b}^ suction at the mouthpiece (C). The burette 
(B) contains the anticoagulant, a 3 per cent solution of anhydrous sodium citrate 
being used; the volume of the citrate solution used is regulated so that the final 
concentration will be 0.3 per cent, or a 1 to 10 dilution. At the three-way tube 
(//) the anticoagulant comes in contact with the blood. The arm of ihe tube lead- 
ing to the burette has a capillar}^ bore so that the greatest part of the negative 
pressure in the S 3 ^stem is exerted on the incoming blood. To the three-way syringe 
(/), which is of the B-D Yale Kaufman, Luer-lok t 3 ^pe, is attached a No. 19 plati- 
num needle. This needle has proven to be ver 3 ^ satisfactor 3 ^ inasmuch as its bore 
is equivalent to that of a No. 18 steel needle.^ Due to the weight of the motor the 
apparatus is unstable, but accidents due to this instabilit 3 ’' are easih" prevented b 3 ^ 
clamping (/) the supporting stand to a firm surface, the table, for example. 

The apparatus is rendered aseptic b 3 " consecutive washings with a mercuric 
cyanide solution, sterile water, alcohol and ether. To dr 3 ^ the svstem completebv, 
air is sucked through a concentrated sulfuric acid bath, in place of the s 3 Tinge, 
and through a sterile cotton plug inserted in the mouth of the burette, the stop- 
cock being open. The suction from a house line is applied at the mouthpiece (C). 
Bacteriological anabases indicated that this technique does indeed give satisfactor 3 ’' 
asepsis. 

From 3 to 5 cc. of the calculated amount of the sterile 3 per cent sodium citrate 
solution is first sucked through the needle into the graduate; the remaining citrate 
is poured into the burette. The needle is inserted into the femoral arterv, and 
the plunger of the syringe withdrawn beyond the side arm. The system is main- 
tained under negative pressure. Simultaneously the citrate is added slowly from 
the burette at a rate which roughly approximates l/lO of that of the blood flow. 
The stirring completely mixes the blood with the anticoagulant. About 5 cc.of 
the citrate is left in the burette. When the citrated blood has reached a volume 
10 cc. below the desired amount, the needle is withdrawn. The amount of blood 
in the syringe and rubber tubing together with the remaining citrate used to flush 

^ We arc indebted to Dr. Daniel C. Darrow of the Department of Pediatrics 
for this suggestion. 
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out the tubing brings the volume of citrated blood to that desired. 400 cc. of blood 
may be collected easily within a 3 to 5 minute interval, the needle having been 
placed in the artcrj' only once. The operator handles the sj^ringe and nothing else. 
His assistant can easily operate the apparatus, pet the dog and signal when to 
withdraw the needle from the artery. It is very convenient to have the graduate 
marked with crayon at the reading corresponding to the desired blood volume and 
the mark 10 cc. below this. With a little experience, the volumes of blood obtained 
are accurate and consistent. 


The method for calculating the volume of blood to be removed is 
exceedingly simple. The only assumption involved is that the plasma 
volume and the serum volume are equal. Any error arising from the 
volume occupied by the fibrinogen must be exceedingly small, being 
undoubtedly less than 1 per cent. By elementary algebra it is easily 
shown that the hematocrit, or the volume per cent of blood represent- 
ing the plasma or serum, does not enter into the calculation. 


If "we let 

X = the blood volume in cubic centimeters, 
y = the fraction of the blood represented by the plasma, 
xy ^ the plasma volume in cubic centimeters, 

5 — the serum protein concentration in grams per cent as determined 
daily, 

3,5 = the serum protein level in grams per cent to which the concentration 
is to be lowered each day that bleeding occurs, 
r — 3.5 = the serum protein increment to be removed; 

then 


2 - 3.5 


^xy 


plasma volume in cubic centimeters to be removed, 


and 


2 - 3.5 


•xy 


or 


y 


blood volume in cubic centimeters to be removed, 


2 - 3.5 


•X 


blood volume in cubic centimeters to be removed. 


The formula last given is the one to be used. A representative 
e^eriment rvill serve to illustrate all the details in the calcula- 
tions. 

Dog 4. (17.16 kUos) June 3, 1935. Blood volume 1425 cc. (as determined on 

June 1, 1935). Serum protein concentration 5.04 per cent. 

5.04 - 3.50 = 1.54 per cent serum protein increment to be removed. 
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longest time interval, during which we have stored these cell suspensions, has 
been 4 days; on injection these proved to be utilized satisfactorily. After a serum 
protein determination, which indicates the necessity for a plasmapheresis in order 
to maintain the basal level constant, the saline suspension of cells is centrifuged 
(1500 R.P.M.) for 1 hour, the saline removed by suction to be replaced by an ap- 
prorimately equivalent volume of modified Lockers solution (5). The Locke’s 
solution is made daily from water freshly distilled (11) from pyrex glassware (12) 
and contains 0.900 per cent sodium chloride, 0.042 per cent potassium chloride 
and 0.020 per cent sodium bicarbonate.^ 

TABLE I 

Quantitative Plasmapheresis: Bleeding Phase 
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add, and a final rinsing with water. Sudi a preliminary procedure eliminates 
any toxic reactions (14) which may follow blood transfusions involving the use 
of apparatus with rubber tubing. 

For the determination of the serum protein concentration each day 
previous to a bleeding, in order to calculate the amount of blood to 
be withdrawn, a method was sought which would be rapid, reasonably 
accurate and would require a small amount of blood. The nephelo- 
metric method devised b}’ Rona and Kleinmann (15) was found to 
be suitable. The technique involves the comparison of the turbidities 
produced by the standard and unknown when an aqueous solution 
of sodium sulfosalicylate is added to the dilute (1 to 200) serum protein 
solutions after they had been strongly acidified witli hydrochloric acid. 

The turbidities produced vary with the concentration of serum 
protein according to the nephelometric curve (16). The results of 
more than 400 of our own determinations in duplicate indicate that 
one ma}" expect simultaneous estimations to agree to within ± 0.5 per 
cent of the mean. 

Rona and Kleinmann (15) report that relatively large concentra- 
tions of ammonium sulfate, magnesium sulfate, Ringer’s solution, 
thymol and decomposition products of proteins have only negligible 
effects as interfering factors in the method. In our own experience 
it has been found qualitatively that no turbidities are produced when 
the sulfosalicylic acid is added to solutions of proteose or peptone, 
obtained as products of peptic digestions. In fact, the reagent may 
be used as an indicator of the complete removal of acid meta-protein 
from a Avcak acid h3^droh^sate of protein. The precipitation of the 
protein presumably is not dependent on its large molecular size 
because solutions of dextrin or starch paste are not affected by the 
reagent. The only nonprotein substances which are precipitated by 
the reagent, as far as we kno'w, are plant alkaloids. 

The specificity of this method for the determination of the serum 
protein concentration in dogs subjected to plasmapheresis was con- 
firmed by (a) determining the concentration of scrum protein when 
present in a scrum sample and subsequently wRcn dissolved in physio- 
logical saline, and (5) observing that the addition of sulfosalicylic acid 
cither to a suspension of the serum lipids in physiological saline or to a 
solution of the scrum ciA’stalloids fails to produce any turbidity. 
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As final proof of the validit}^ of the technique, the results jnelded 
this nephelometric procedure were checked against those obtained 
by standard methods. The average percentage delation of the 
nephelometric values from those obtained by Kjeldahl analyses (17, 18) 
on nine representative samples was i4.0 per cent; the percentage 
de\dations varied from +0.5 to —5.7 per cent. WTien compared 
with the results obtained gra\'imetrically (19, 20) on five other serum 
samples the average percentage de\nation of the nephelometric values 
was found to be ±2.9 per cent, varjang from —1.4 to +5.3 per cent. 

For the estimation of blood volume, the dye method as improved 
by Hooper, Smith, Belt and WTiipple (21) was employed. The exact 
validity of any method for the determination of the blood volume can, 
of course, be questioned (22). However, in our studies the same 
procedure was used throughout, so that any errors inherent in the 
method were reasonably constant during each of the experimental 
periods. 


SUMMARY 

1. A special apparatus and technique are described which permit 
one to conduct plasmapheresis quantitatively. 

2. The validity of the methods employed, for determining serum 
protein concentration and blood volmne as prerequisites for the calcu- 
lation of the amount of blood to be withdrawn, are discussed. 

We are greatly indebted to Mr. Robert W. Biach for valuable 
assistance in glass blowing and glass etching. 
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THE INELUENCE OF DIET UPON THE REGENERATION OF 

SERUM PROTEIN 

I. Standardization of Experimentad Technique 
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ETHEL BURACK,*^ Ph.D. 

(Fropt the Laboratory of Physiological Chemistry, Yale University, New Haven) 

(Received for publication, July 6, 1936) 

Using the technique of plasmapheresis, Rerr, Hurwitz and \\Tiipple (1, 2) 
observed that dogs receiving food regenerate blood plasma protein more rapidly 
than fasting animals. Later Smith, Belt and \Miipple (3) modified the experi- 
mental method by reinjecting the cell suspension simultaneously vith the bleed- 
ing and reported a rapid regeneration within 15 minutes after the hemorrhage. 
This rate of recovery then decreased, 2 to 7 days being required for return to a 
normal value. The rapid replacement of serum protein immediately after plasma- 
pheresis was interpreted as indicating a reserve store of this material. 

Following the demonstration that diet will promote the regeneration of serum 
protein from an abnormally low value to the normal, WTiipple and collaborators 
(4r-6) have attempted to evaluate dietary factors as specific agents for stimulating 
this recovery. Plasmapheresis, while the animab were fed a basal diet, was con- 
tinued 4 to 6 weeks before the dogs exhibited an approximately constant produc- 
tion of plasma proteins. The reduction of the plasma protein level to 4.0 per 
cent was considered to act as a constant and maximal stimulus for the regenera- 
tion of serum protein. Potent dietary factors necessitated larger and more fre- 
quent blee(hngs to maintain the concentration constant at the desired low level, 
designated as the basal level. Subsequent to the exhaustion of the ‘^reserve serum 
protein stores,”^ while subsisting on the basal diets the dogs were able to produce 

* This paper is a report of certain material contained in a dissertation presented 
by Daniel Melnick in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy, Yale Universit}% 1936. A part of the expense of this in- 
vestigation was borne by a grant to George R. Cowgill from the Research Fund 
of the Yale University School of Medicine. 

** Standard Brands Inc. Fellow, 1934-1936. 

1 This expression, used by tipple and collaborators as indicative of the 
amount of serum protein which must be withdrawn before the animal manifests 
a cojistanl output of serum protein under a given basal dietary regime, will be 
employed \sdthout quotation marks in the subsequent discussions. 
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10 to 30 gm. of new plasma protein each week. The ratio of dietary protein fed 
per week to the amount of plasma protein removed, over and above the basal 
output, was termed the potency ratio for that protein (5). Values were reported 
varying from 2.6 for beef serum protein to 20.8 for kidney protein; the more 
potent a protein, the smaller the ratio proved to be. These investigations were 
carried out with what we believe to be numerous uncontrolled variables operat- 
ing, and for this reason we have reinvestigated this problem. 

The prime objective in the present study was to incorporate as 
part of the technique the use of artificial diets, the compositions of 
which were carefully controlled. 

Examination of the previous work on this problem appears to justify the fol- 
lowing comments: 

1, The plasma protein level for each dietary period was not as constant as 
might be desired but varied from 3.18 to 4.69 per cent. In all probability, there- 
fore, the intensity of the stimulus for serum protein regeneration during each of 
the dietary periods was subject to corresponding variation. 

2. The basal diet (4, 5), composed of natural foods, contained 7 per cent of 
the caloric intake in the form of protein. With such a ration, 4 to 6 weeks were 
found necessary in order to deplete the body of the reserve store of protein build- 
ing material. Furthermore, 2 weeks were required to deplete the animals of the 
“carry overs” from previous dietary periods. In their most recent paper (6) 
several basal diets were employed which were superior to the earlier ration (4) 
in that they were less ejfcclivc in promoting serum protein regeneration. 

3. The diets were composed of natural foods. Each dietary change consti- 
tuted actually a change in the entire diet, for example, one animal tissue replacing 
another (5). Subsequently, an attempt was made to deal with the dietary factor 
quantitatively by superimposing on the basal diet some natural food (6) which 
was considered the only variable introduced into the experimental regime. This, 
however, is not consistent with the view that proteins in a heterogeneous mixture 
can exert supplementary effects upon each other. 

4. The amounts of protein (6.25 X per cent N) fed during each dietary period 
were extremely variable, ranging from 43 gm. of basal dietary protein to 578 gm. of 
pancreatic protein per week. In evaluating these dietary changes the potency 
ratio was assumed to be independent of the amount of protein in the diet. How- 
ever, it has been shown that the coefficient of utilization of an essential dietary 
component, in this case the protein (7-9), decreases when an excess of the sub- 
stance is fed. 

5. In the earlier papers (4, 5) the animals were fed ad lihilmn so that the daily 
food intake was not constant. Thus the dietary factor, as a stimulus for the 
regeneration of plasma protein, probably varied from day to day. The work to 
be reported was undertaken before the appearance of the most recent publica- 
tion in this field (6), in which the basal diets were fed at a constant level of caloric 
intake. 
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6, In calculating the potency ratios of the substances tested, WTiippIe and 
associates seemed to disregard as of no significance that part of the protein intake 
which is used to satisfy nitrogen equilibrium. Urinary nitrogen data were ob- 
tained for each period, but they proved to be of limited value, serving only to 
indicate the character of the nitrogen balance. Although 3 to 7 days were ob- 
served to be essential for the dog to adapt itself to the altered protein intake, no 
aDowance was made for this adjustment period; instead, the subsequent carry 
over values were included in the data of the previous experimental period. Such 
a procedure assumes that any lag in serum protein regeneration during the week 
when the test protein diet is fed, regardless of the nature of the protein, is com- 
pletely compensated for by the carry over values. 

7. In an investigation of this nature in which a limited number of animals 
may be employed, each animal should be its own control. In the previous work 
here imder review, 24 dietary factors were studied on nine dogs (4-6). In most 
cases, it appears that confirmatory evidence was not sought (see Table 6 in Refer- 
ence 6). However, the potency ratio of one dietary factor is compared with 
another, although two different dogs may have been employed to arrive at these 
values, and the basal diets of these two animals may not have been the same. 

In 1932, the Chinese investigators Liu, Chu, Wang and Chung (10) in a study 
of nutritional edema in man (two patients) demonstrated that adequate amounts 
of dietary protein are beneficial in alleviating the disease. "Nitrogen-free” diets 
reproduced the edema with concomitant decreases in the plasma protein concen- 
tration. Salt and water intake and physical activities were excluded as possible 
factors in the causation of edema by suitable control of these variables in the 
studies. The administration of animal proteins at a level of 1 gm. per kilo of 
body weight (7 per cent of the caloric intake) resulted in a prompt and marked 
nitrogen gain, plasma protein increase and disappearance of edema. The same 
results were achieved by feeding twice the above amoimt of vegetable proteins. 
A vegetable protein intake equivalent to that of the animal proteins proved to 
be inadequate. 

The interpretation of their findings as indicating that animal proteins are twice 
as efficient as vegetable proteins in causing a regeneration of serum protein seems 
erroneous. In their experiments two factors were competing for required dietary 
protein, namely, the attainment of nitrogen equilibrium for the entire organism 
and the regeneration of serum protein. The fact that animal proteins are superior 
to vegetable proteins for the daily metabolism of the normal organism (11) 
indicates that during comparable feedings of these proteins a greater aliquot in 
the case of the animal proteins is available for the regeneration of serum protein. 
Indeed, these investigators (10) have also recorded a superior biological value for 
their animal protein diets in comparison with those containing vegetable proteins. 
Moreover, the entire investigation was still further complicated by the fact that 
the patients were suffering from generalized metabolic disturbances including a 
marked diarrhea. Thus, in the case of one patient 46.5 per cent of the dietary 
nitrogen was excreted* in the feces; and in the other, 31.2 per cent. The only 
positive finding obtained by the authors was the successful demonstration that 
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the most important etiologic agent in nutritional edema is inadequate protein 
intake. 


Plan of Study 

In the present investigation attempts have been made to control 
the many variables described above. Plasmapheresis appears to be 
the only satisfactory experimental approach to the problem. Thus, 
in conditions of nutritional edema with a hypoproteinemia, one has 
no means of evaluating the dietary factors quantitatively, inasmuch 
as the experimental subject has been exposed to the effects of a pro- 
longed negative nitrogen balance together with an inadequate caloric 
intake. As a result of this, three processes compete for the available 
dietary protein: (a) the repair of wasted tissues; {b) the satisfaction 
of the normal daily maintenance metabolism; (c) the regeneration of 
serum protein. The modifications of experimental technique em- 
ployed in the present study are described below and are enumerated 
in the same order as the comments of the previous investigations 
listed above. 

1. The bleedings to which our dogs have been subjected were so 
regulated that whenever the concentration of serum protein rose to 
4.2 per cent or above, a calculated volume of blood was removed to 
reduce the level to 3.5 per cent. This concentration of the blood pro- 
tein has been arbitrarily chosen and will hereafter be called the basal 
level. Daily determinations of the serum protein concentration in 
duplicate by a nephelometric technique and weekly determinations 
of the blood volume by a dye metliod were carried out previous to the 
bleedings. With tlie bleeding apparatus finally devised for tlie study, 
the volumes of blood removed averaged easily within ± 1 per cent of 
the calculated desired amounts. The description of the apparatus 
and discussion of the validity of the methods are presented in detail 
elsewhere (12). With a favorable diet the average serum protein 
concentration previous to the bleedings was found to be distinctly 
higher than that recorded subsequent to the feeding with a less effec- 
tive ration; tlie point in our technique to be emphasized, however, is 
that the actual bleedings were such as to reduce the serum protein 
concentration as far as possible to a constant level. Thus, by con- 
ducting the bleedings quantitatively in our work, the intensity of the 
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TABLE I 

Qua)Ui(ativc Plasmapheresis in the Study of the Influence of Diet upon the 
Regeneration of Serum Protein: Representative Periods 



— 





CcU 

Girated 




o 


HjO 


exebange 

plasma. 




E 


C.S 


















Period 

Date 


fj 

o 

c 

V 

ec 

c 



o 

cJ 





<3 

ss 




"S 

s 

IhSh 



c 

c 

E 

*» 

5 O 

S3 “ 

o 

w 


(J 


a 

Z. " 





in 

n 



u 

Pi 

en 


1936 

cc. 

per 
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cc. 
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Oct. 21 

1315t 

48.9 

6.20 

329 

161 

140 

37 

168 


Week of initial de- 

22 

— 

47.1 

5.89 

329 

155 

156 

37 

174 


pletion (dog 3) 

23 

— 

40.6 

4.65 

329 

134 

150 

37 

195 

43.5 

24 

— 

42.6 

4.49 

324 

138 

129 

37 

186 

(4.44%) 


25 


38.7 

4.22 

329 

127 

133 

37 
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26 


35.6 

3.73 

00 

ten 

28 
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9 

53 



27 


— 

3.43 

— 

— 

— 
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4.21 
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76 
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21 
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— 

— 

— 

— 

— 


with basal diet 

11 

— 

— 

4.06 

— 

— ' 
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(4.20%) 

(dog 3) 

12 

13 

— 

43.1 

4.16 

3.84 
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79 

74 
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14 
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43.0 

4.56 

266 

112 

77 

29 
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15 

— 

— 

3.77 

— 

— 

— 

— 

— 


X 

June 17 

1372t 

37.9 

5.33 

472 

179 

246 

53 

293 


Equilibrium week 

18 

B 

38.(] 

1 4.91 

393 

149 

229 

44 

244 


with protein diet 

19 

B 

40.5 

; 4.94 

400 

162 

147 

45 

238 

68.5 

(4.46%) 

(dog 4) 

20 


38.1 

. 5.14 

436 

167 

157 

49 

269 

21 

B 

33, A 

1 4,79 

370 

128 

176 

41 

242 


22 

1275 

35.1 

L 4.85 

383 

134 

228 

43 

249 



23 

— 

— 

4.65 

— 

— 

— 

— 

— 



* Corrected for the citrate and caldum chloride dilutions. 


t This value obtained 2 days previously was used in dete rminin g the size of 
each of the hemorrhages performed during the period. 

X This blood volume was employed in calculating the amount of blood to be 
withdrawn during each plasmapheresis conducted in the subsequent period. 

■ § This bleeding was calculated to reduce the serum protein concentration to 

the basal level of 3.5 per cent; the other hemorrhages carried out during this period 
were one-fourth of the blood volume (1315 cc.). 
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TABLE n 

Protein-Free Diet 


Basal Bidary Mixture 


Fcodsluff 

Amount 

Calorics 

AbsoJote 

Per cent 

Sucrose , 

per cent 

55.10 

220 

44.7 

Dextrin 

18.17 

73 

14.7 

Lard 

16,65 

150 

30.4 

Butter* 

6.54 

50 

10.2 

Bone ash - 

2.36 



Salt miTture (25) 

1.18 







Total 

100.00 

493 

100.0 



1 gm. of this dietary mixture furnishes 4,93 calones, 

*The value of 7J calories per gm. Tvas used in calculating the amoimt of 
calories furnished by the butter (18). 


Vitamin Supplements 

For vitamins A and D two tablets of cod liver oil concentrate^ were given 
daily per 5 to 7 kilo body weight of dog. 

As a source of vitamin B (Bi) an extract of rice polishing^ was administered. 
The sample contained 56 international units per gm and was given daily to the 
extent of 56 mg. per kilo of body weight. 

The vitamin G (Ba) requirement of the dog was satisfied by liver extract 343/ 
This preparation was given daily in doses of 210 mg. per kilo of body weight. 

At all the feedings the vitamin adjuvants® were administered apart from the 
food mixture, thus insuring an adequate vitamin intake to the animals. These 
supplements furnish an additional 1.5 calories per kilo of body weight daily. 

2 Kindly furnished by the Health Products Corp., Newark. During the ad- 
ministration of the protein-free diet containing butter, it is not essential to feed 
these tablets for the purpose of supplying an adequate intake of fat soluble vita- 
mins. However, it was desirable to keep the materials containing the vitamin 
supplements constant throughout all experimental periods. 

® Ryzamin, obtained from the Burroughs Wellcome Co., Tuckahoe, New York. 

^ Kindly furnished in the form of a dry powder by Eli Lilly and Co., Indiana- 
polis. ^ 

® It was found convenient to prepare an aqueous suspension of 75 gm. of liver 
extract 343 and 20 gm. of ryzamin in 250 cc. water. This suspension, adjusted 
to a pH just add to litmus, vras given orally in the dosage of 0.7 cc. per kilo of 
body weight. 
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Thus, this preparation yielded a slight but appreciable amount of 
“protein,” estimated to be about 50 mg. per kilo of body weight. 

With a diet such as that in Table II, it has been possible repeatedly, 
in four dogs, to deplete the organism of its reserve serum protein 
stores within the 1st week of plasmapheresis, bleeding daily one-fourth 
of the animal’s blood volume. It was noted that during the periods 
when the above diet was fed ad libitum the animals ate considerably 
more than their caloric requirements under normal conditions, the 
voluntary intake of calories averaging approximately 90 calories per 
kilo of body weight. This, of course, exerted a protein-sparing action 
in the body and tended to reduce to a minimum the stimulus for 
regeneration of serum protein. Thus, the number and size of bleedings 
per week of the animals partaking of this ration were also minimal. 
These qualifications are to be desired in the basal diet. 

3. “Synthetic” artificial diets, of which the chemical nature and exact 
proportions of all nutrients were known, have been used in this study. 
Only one constituent in the diet was varied at a time, namely, the 
protein to be evaluated. 

4. Furthermore, in all cases the proteins under investigation were 
analyzed, the appropriate factor (19) employed for each, and then 
incorporated into the diet. Thus, errors resulting from use of the 
conventional calculation, 6.25 X percentage of nitrogen, were avoided. 
The question arose at what level the proteins of interest should be fed. 
It was finally decided in all cases to feed an equal absolute amount of 
the respective proteins above the minimum of each required to estab- 
lish nitrogen equilibrium. 

5. The dogs were fed daily 70 calories in the form of the experi- 
mental diets per kilo of body weight so that the dietary stimulus for 
the regeneration of serum protein was constant from day to day. 
These diets were constructed on the kilo-unit plan, as first described 
by Cowgill (20) and designed to yield 80 calories per kilo. However, 
inasmuch as our dogs were kept in metabolism cages, and their activity 
thus reduced, 70 calories per kilo of body weight were found to be 
optimum for maintenance. The weight of the animal employed in 
calculating the amount of food to be administered was that essential 
for an optimal nutritive condition, as estimated by the nutritive index 
formula also described by Cowgill (21). The vitamin adjuvants 
yielded in addition 1.5 calories daily per kilo of body weight. 
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6. Having previously determined for each protein evaluated the 
TniniTmi-m required for nitrogen equilibrium (22), it has been possible 
in this study to correct for that fraction of dietar>^ protein essential 
for the general nitrogen requirements of the organism. The increment 
of protein tested, above the amount required for nitrogen equilibrium, 
is ^en theoretically available for the regeneration of the needed serum 
protein. It has been found that feeding the protein at that level, 
which is the minimum for nitrogen equilibrium, or less, results in the 
regeneration of serum protein, but this is now at the expense of that 
portion essential for the normal maintenance metabolism of the or- 
ganism. The ratio of {d) the amoimt of serum protein per week re- 
moved by the bleedings, above that regenerated by the animal when 
eating the basal protein-free diet, to (6) the dietar}’’ protein increment, 
i.e., the amount above that required for nitrogen equilibrium, is termed 
in this stud}’’ the potency ratio. It will be observed that when using 
this particular ratio, the protein most potent has the highest potency 
ratio. This point is mentioned here because the ratio formulated by 
Whipple and associates bears an inverse relationship. In all cases 
where a new diet was administered, the 1st week was regarded merely 
as the adjustment period. The subsequent week, considered as the 
period of constant and maximal response to the dietarj’- stimulus, 
furnished the data used in the calculation of the potency ratio. 

7. In the present studies confirmatory evidence has been sought for 
results obtained following each dietary change. Because the experi- 
ments extended over a long time interval, and the technical difficulties 
were so great and exacting, it has proved impossible within the time 
requirements and the available facilities to carry out these investiga- 
tions satisfactorily on more than two or three dogs. Whipple and 
coworkers likewise emphashe this fact. 

RESULTS 

Standardization of the Dogs: Reserve Serum Protein Stores 

Two dogs were used in this study. At a nutritive index of 0.30 (21), dog 3 
a female hound, weighed 16.70 kilos, and dog 4, a female collie, 17.30 kilos. The 
first objective was to deplete the a nimal s of their reserve serum protein stores. 
Wile eating the basal protein-free diet ad libitum (see Table It), the dogs were 
subjected to plasmapheresis. 

During the 1st week (period I) of plasmapheresis, one-fourth of the animal’s 



TABLE III 


Standardization of the Dogs: the Depiction of the Reserve Scrum Protein Stores 


Dog No 

3 

4 

Weight with nutri- 









tivc index 0.30,. . 



16.70 ks. 



17.30 kg. 


Diet 

Protein-free 

Protcin-frcc 

Period 

I 

II 

Ill 

X 

XI 

PRH 

II 

III 


Depletion 

Equilib- 

Equilib- 

Depletion 

Equilib- 


Equilib- 

Equilib- 



rium 

rium 


rium 

imi 

rium 

rium 

Average daily 









intake of 









diet* per kg., 









calorics 

88 

107 

87 

89 

73 

124 

102 

84 

Average weight 









of dog, kg.... 

16.85 

16.73 

16.82 

17.47 

17.36 

17.71 

17.44 

17.43 

Blood volume, 









cc 

1335 

1170 

1145 

1360 

1227 

1605 

1605t 

1260 

Plasma vol- 









ume, cc 

651 

650 

664 

835 

755 

828 

828t 

768 

Average hema- 









tocrit, per 









cent 

50.1 

45.1 

42.8 

41.0 

40.9 

46.5 

46.6 

37.1 

Average serum ! 





protein con- 









concentra- 









tion, 

5.45§ 

4.12 

4.16 

4.6211 

4.03 

5. 11** 

3.94 

3.94 

Total bleeding, 









cc 

1962 

489 

655 

1856 

589 

2260 

538 

524 

Cell exchange 









Bled, cc 

983 

221 

285 

767 

241 

1041 

250 

191 

Injected, cc„. 

1017 

330 

323 

853 

293 

1036 

371 

336 

Citrated plasma 









Citrate, cc... . 

216 

54 

76 

207 

65 

263 

59 

58 

Plasma, cc. . . 

980 

268 

370 

1089 

348 

1217 

288 

334 

Scrum pro- 









tein concern 









tration,tt 









percent , . . . 

5.02 

4.16 

4.17 

4.33 

3.94 

4.64 

3.82 

3.85 

Scrum protein 









removed per 









week, gm — 

49.2 

11 .2 

16.4 

47.2 

13.7 

56.4 

11.0 

12.8 
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blood volume was removed daily. In the subsequent wrecks (periods II and III) 
bleedings were performed only when the serum protein levels rose to or above 4.2 
per cent. The bleedings were calculated to reduce the concentrations to 3.5 per 
cent. An excess of 100 cc. of modified Lockers solution (3) was injected at the 
conclusion of each of the red cell infusions. Occasionally, donors' cells were in- 
jected to maintain a normal hematocrit. The details of the plasmapheresis and 
the nutritive histories of the dogs are summarized in Table III, 

In both dogs the total amounts of serum protein removed per week during the 
2nd and 3rd weeks vrere approximately the same. This indicates that dogs fed 
the high caloric, protein-free diet and subjected to plasmapheresis, by which one- 
fourth of the blood volume is removed daily, can be depleted of the reserve serum 


* The vitamin adjuvants furnished in addition 1.5 calories per kilo of body 
weight. 

t The blood volume for this period was not determined; the value obtained 
during the previous week was employed in calculating the size of the bleedings 
conducted during period II. 

i These values were obtained by the nephelometric method as prerequisites for 
determining daily the size of the hemorrhages (12). The serum protein concen- 
trations were averaged regardless of whether or not a plasmapheresis was con- 
ducted that day. 

§ Reduced from 6.82 to 4.04 per cent. 

!! Reduced from 6.21 to 3.89 per cent. 

^ Reduced from 6.28 to 3.88 per cent. 

tt In all cases the serum protein concentrations in the pooled plasma aliquots, 
after corrections had been made for the presence of the citrate and calcium chloride 
solutions, were approximately 10 per cent less than the weighted average results 
obtained daily previous to the hemorrhages. The possibility of an immediate 
dilution of the blood due to the entrance of tissue fluid, occurring during the actual 
bleeding, was investigated. Initial blood samples were taken a few minutes 
before the bleeding; the final samples were the last 2 cc. of blood drawn from the 
animal. Using the change in the serum protein concentration as the criterion a 
valid procedure because the storage factor in these dogs was eliminated, it ap- 
peared that a dilution was taking place. The average decrease in the serum pro- 
tein concentration in the course of four such studies was 8 per cent, the bleedings 
averaging approximately one-fourth of the blood volumes. However, this physio- 
logical response to hemorrhage was not adequate for explaining the discrepancies 
noted. Especially during periods of rapid regeneration of serum protem the 
initial values of the protem concentration tended to be actually slightly higher 
than the results obtained by the usual determinations conducted earlier in the 
day. It was also demonstrated that the citrate solution, used as the anticoagu- 
lant, did not cause any appreciable dehydration of the red cells to produce a plasma 
dilution. 
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protein stores •within 1 week. To attain the basal level, dog 3 had to be bled 
that quantity of blood containing 49.2 gm. of serum protein, and dog 4, 56.4 
gm. of serum protein. Once the stores are depleted (after the 1st week by this 
technique), it is found that the dog fed the protein-free diet will regenerate a 
minimal and constant amount of serum protein each ■week while the serum protein 
concentration is maintained at the basal level. The fact that the amount of 
serum protein removed in the bleedings of the 3rd week is approximately equal 
and certainly not less than that recorded for the 2nd week indicates that the dog 
has been depleted of its serum protein reserve stores ndthin the 1st week, and the 
basal outputs thereafter are equilibrium values. Thus, it is noted that dog 3 
was bled that amount of blood containing 13.9 gm. of serum protein (average 
value), and dog 4, 11.9 gm., for the maintenance of a constant basal level. 


TABLE IV 

Scrum Protein Regeneration in Dogs Subsisting on the Protein-Free Diet and 
Subjected to Quantitative Plasmapheresis: Equilibrium Values 


Dog No. 

Period 

Basal output per week 

Average per week 



gw. 1 

gw. 

3 

II 

11.2 

13.4 


III 

15.4 



XI 

13.7 



XIII 

11.2 



XVII 

15.7 


i 

4 

1 

II 

11.0 

9.6 

1 

III 1 

12.8 



XII 

4.4 



XVI 

10.0 



The reproducibility of the basal output of serum protein by dog 3 was investi- 
gated 10 weeks later. The animal had just completed 2 weeks on the serum pro- 
tein increment diet (16) and 1 week on our stock casein diet (21). The results 
are also given in Table III, periods X and XI. The value, 13.7 gm., agrees very 
well ■with the others recorded previously. 

Rather than maintain the dogs on a long regime of repeated plasmapheresis in 
the subsequent studies, it was deemed advisable to give them a rest period after 
each evaluation so that the serum protein concentrations might return to normal 
again. During the first 2 weeks of these biological assays the protein-free diet 
was administered at a high caloric level. The 1st week was devoted to the de- 
pletion of the reserve serum protein stores; the subsequent week was considered 
to be a basal equilibrium period. Table IV gives the values for these comparable 
periods and the average. The relative constancy of these data seems to empha- 
size the validity of the method of experimentation. 
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In the evaluations of any dietary factor, it therefore becomes essen- 
tial that these values, 13.4 and 9.6 gm. for dogs 3 and 4, respectively, 
be subtracted from the total grams of serum protein removed per week 
to arrive at the fractions arising solely from the dietary stimulus. 
Such a procedure appears to be logical because the basal diet is free 
of protein and, being fed at a high level of caloric intake, its use 
reduces protein catabolism to a minim um. 

Rcsene Serum Protein Stores . — ^Because our findings with respect to 
the reserve serum protein stores do not agree with those reported by 
other investigators, it appears advisable to present in detail a repre- 
sentative calculation based on our data. 

Dog 4 initially had a plasma volume of 828 cc. and a senun protein concentra- 
tion of 6.28 per cent- 
Then 

828 X 0.0628 = 52.1 gm. of circulating senun protein. 

The serum protein level of this animal -was reduced from 6.28 to approximately 
3.90 per cent. 

Then 

6.28 — 3.90 = 2.38 per cent, and 

2 38 

X 52.1 = 19.8 gm, of circulating serum protein removed in the bleedings. 

6.28 

This dog vras fed the protein-free diet during the initial depletion period and sub- 
sequent equilibrium 'weeks. With such a ration the animal regenerated an aver- 
age of 9.6 gm. of serum protein per week. 

Therefore, 

52.1 ~ 19.8 — 9.6 = 22.7 gm. of reserve serum protein, stored as such or 

potentially so, in dog 4. 

Thus, this animal possessed a reserve store of serum protein material equiva- 
lent to about 43 per cent of the total amount of circulating serum protein normally 
present. 

Dog 3 had initially 44.4 gm. of circulating serum protein, of which 18 gm. were 
removed in the bleedings in order to reduce the serum protein concentration to 
the basal level. Wlien fed the protein-free diet and subjected to plasmapheresis, 
this animal regenerated an average of 13.4 gm. of serum protein per week. There- 
fore, 13.0 gm. of serum protein constitued this dog's reserv^e store. This is equiva- 
lent to approximately 29 per cent of the total serum protein normally present in 
the plasma. 

In a study being conducted at present on the mechanism of serum protein 
regeneration vnth another animal, dog 4-4, a fox-terrier weighing 10.0 kilos, a 
similar procedure was followed in calculating this animal's reserve serum protein 
store. The amount of drculating serum protein was found to be 37.2 gm. In 
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order to reduce the concentration of the blood protein to the basal level 15.5 gm. 
were removed in the bleedings. With the protein-free diet this dog could re- 
generate 9.2 gm. of serum protein per week. Therefore, 12.5 gm. of serum pro- 
tein were present as such, or potentially so, in the form of reserve protein. This 
value, approximately 34 per cent of the total circulating serum protein, agrees 
very well with those recorded for dogs 3 and 4. 

It is recognized that these calculations are not above criticism. 
The most serious objection is the assignment of a value for the basal 
output of serum protein to the 1st week of tlie bleedings. This basal 
output is a constant value only when tire basal level of the serum 
protein concentration is constant. When this is relatively high (above 
5 per cent) and when the dog is fed the protein-free diet, the stimulus 
for the production of new serum protein is negligible (16), so that the 
subtraction of the basal output from tire total removed must result 
in a significant, negative error. However, to compensate for this 
noneffectiveness of the protein-free diet during the early part of this 
1st week, there is a carry over of the favorable effects of the stock diet 
previously fed to the dogs. This factor, therefore, produces a sig- 
nificant and positive error which tends to neutralize tlie negative error 
discussed. The calculated value, approximately 30 to 40 per cent of 
the circulating protein, for the amount of reserve store of serum pro- 
tein building material is probably accurate to within ±10 per cent of 
the normal total circulating serum protein. This is in marked con- 
trast to the statement by Whipple and associates (5) that the dog 
has on tlie average a reserve store of serum protein building material 
two or three times as much as is normally present in the circulation. 

Time Required to Secure Equilibrium Values 

Whipple and associates (4-6) have reported that a favorable dietary 
factor, when administered to a dog subjected to plasmapheresis, causes 
an intense stimulus for the regeneration of serum protein. The maxi- 
mal response to tliis stimulus becomes manifest only after 3 to 7 days 
of feeding. It was our purpose, first of all, to determine the amount 
of regeneration of serum protein during several consecutive weeks 
under our conditions of repeated, quantitative plasmapheresis and 
constant intake of experimental diet, in order to ascertain which week 
should furnish the data to be used in calculating the potency ratio. 
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The initial investigation v,'as made with beef serum protein fed in an amount 
proved by previous investigation with normal dogs to be just adequate for the 
attainment of nitrogen equilibrium (22). The diet contained the protein in 
quantity sufficient to furnish 8.5 per cent of the caloric intake. This value was 
demonstrated experimentally to be adequate for dog 4; dog 3, however, required 
9.1 per cent of the caloric intake in the form of serum protein. The composition 
of the serum protein diet fed to the dogs is given in Table V. 

Subsequent to period III (f.c., the 3rd week on the protein-free diet with 
plasmapheresis performed quantitatively), dog 3 was fed the serum protein diet 
at a level similar to that employed with the metabolism dogs, namely, 70 calories 


TABLE V 


Serum Protein Diet: Kilo-Unit 


Foodsttiff 

Amount 

Calories 

Composition 

: Absolute 

Per cent 

Serum protein* 

rm. 

2.22 (1.70) 
3.79 

6.8 

8.5 

fer cent 

13.45 (10.3) 
23.00 

Crisco 

34.1 

42.6 

Sucrose 

5,02 ' 

20.1 

25.1 

30.45 

Dextrin 

4.76 

19.0 

23.8 

28.86 

Bone ash 

0.40 

2.42 

Salt mixture (25) 

0.30 



1,82 




Total 

16.49 

80.0 

100.0 

100,00 



The numbers in parentheses are the absolute values. 

1 gm. of this diet furnishes 4.85 calories. 

The \’itamin adjuvants are the same as those supplementing the basal dietary 
mixture (see Table 11). 

* Analysis of the protein indicated 12.2 per cent nitrogen, or 76.4 per cent 
purity. The protein was isolated from beef serum (22). 

per kilo of body weight. Plasmapheresis was continued according to the quanti- 
tative technique described (12). The animal was subjected to this procedure for 
3 weeks. Table Y1 summarizes the experimental findings. 

The delay, reported by WTiipple and collaborators (5), foUorving 
the administration of a potent dietar}-- factor was also observed in this 
study. The fact that the amoimt of serum protein removed in the 
bleedings of the 3rd week (36.8 gm.) was not greater than that obtained 
in the 2nd week (40.8 gm.), indicates that the feeding of the dietar}^ 
component for 2 weeks under these experimental conditions is sufficient 
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for its proper evaluation. The 2nd week is one of constant and maxi- 
mal response. In the succeeding biological assays therefore, the 1st 
week has always been regarded as the adjustment period and tlie 2nd 
week furnishes the data used in the calculation of the potency ratio. 

Dog 4 was subjected to a similar procedure. During the 1st week (period IV) 
on the serum protein diet, it was necessary to remove 27.0 gm. of serum protein 
in the bleedings in order to maintain a constant basal level. It was at this stage 
of the investigation that incompatibilities were first noted between the sera of 
the recipients and the cells of the donors (23). With dog 3 it was possible to com- 
plete period VI satisfactorily. In the case of dog 4, the equilibrium week, period 
V, was not finished. Repeated shock reactions in both recipients subsequent to 
the red cell infusions from the donor animals necessitated a discontinuance of 
the study until satisfactory donors were obtained. During this interval of 3 
weeks both dogs subsisted on the basal protein-free diet ad libitum in order to 
prevent the accumulation of reserve stores of serum protein building material. 

When the study was resumed with dog 4, the protein-free diet was adminis- 
tered for an additional week (period VI) during which time quantitative plasma- 
pheresis was performed to reduce the serum protein concentration to the basal 
level and to deplete the body of its reserve serum protein stores. Only two bleed- 
ings, resulting in the removal of 11.0 gm. of serum protein, were essential for 
accomplishing this. When the serum protein diet was fed again, it was noted 
after the adjustment period VII that 48.6 gm. of serum protein had to be removed 
in order to maintain the basal level constant. Because our technique involves 
quantitative plasmapheresis and constant dietary intake, the daily value of the 
serum protein concentration is an accurate index of the response of tlie animal 
to the experimental rdgime. A consideration of such data in the protocols for 
periods VTI and VIII (22) indicated that equilibrium values were attained 5 daj's 
after the administration of the protein diet. It was therefore considered not 
essential to extend the study through another experimental period. 

In Table VI are summarized the details of plasmapheresis and the nutritive 
histories of the dogs, while subsisting on the serum protein diet. The food was 
offered to the dogs about 3 hours after plasmapheresis because feeding the animal 
shortly before bleeding (within 4 to 5 hours) usually resulted in vomiting during 
or immediate!}' after the plasmapheresis. In the case of the protein-free diet, 
fed ad libitum, the food pans were always removed from the cage 4 to 5 hours 
before the bleedings. 


DISCUSSION AND CONCLUSIONS 

From the studies reported it appears that the minimal time require- 
ment for the biological assay of a protein in promoting serum protein 
regeneration is 4 weeks. By the administration of an artificial protein- 
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free diet with concomitant plasmapheresis, during which the animals 
are bled one-fourth of their blood volumes daily, it has been possible 


TABLE VI 

Time Required for Dogs Fed a Favorable Diet and Subjected to Quantitative 
PlasmapJjeresis to Attain Equilibrium Values 


Dog No 

3 

4 

Weight vrith nutritive index 0.30 

16.70 kg. 

17.30 kg. 

Diet. 

Sennn protein 

Serum protein 

Period 

IV 

V 

VI 

vn 

vni 


Adiust- 

EquiU- 

Equili- 

Adjust- 

Equili- 


ment 

brium 

brium 

ment 

brium 

Daily intake of diet,* per kg., calories 

70 

70 

70 

70 

70 

Average weight of dog, kg 

16.98 

17.10 

17.23 

17.27 

17.18 

Blood volume, cc 

1145 

1158 

1140 

1335 

1425 

Plasma volume, cc 

664 

695 

735 

683 

880 

Average hematocrit, per cent 

40.8 

40.4 

36.9 

43.8 

42.6 

Average serum protein concentration,* 






percent 

4.24 

4.53 

4.37 

4.41 

4.66 

Total bleeding, cc 

939 

1692 

1474 

1281 

2062 

Cell exchange 






Bled, cc. 

387 1 

687 

546 

558 

880 

Injected, cc 

648 i 

755 

642 

510 

1087 

Citrated plasma 






Citrate, cc 

102 

187 

163 

143 

230 

Plasma, cc 

552 

1005 

928 

723 

1182 

Serum protein concentration,* per 






cent 

4.00 

4.06 

3.96 

4.03 

4.11 

Serum protein removed per week, gm.. . 

22.1 

40.8 

36.8 

29.2 

48.8 


*The same qualifying statements, added as footnotes to Table III apply 
also to this table. ’ 


repeatedly to reduce the serum protein concentration to the basal 
level and to deplete the organism of its reserve serum protein stores 
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free diet -witli concomitant plasmapheresis, during which the animals 
are bled one-fourth of their blood volmnes daily, it has been possible 


TA3LE VI 

Time Required for Dogs Fed a Favorable Diet and Snbjecled to Quantitative 
Plasmapheresis to Attain Equilibrium Values 


Dog No. 


Weight ■with nutritive index 0.30, 


Diet. 


Period., 


D^y intake of diet,* per kg., calories 

Average weight of dog, kg 

Blood volume, cc 

Plasma volume, cc 

Average hematocrit, per cent 


Average serum protein concentration,* 
per cent 


Total bleeding, cc. 

Cell exchange 

Bled, cc 

Injected, cc 


Citrated plasma 

Citrate, cc 

Plasma, cc 

Sertim protein concentration,* per 

cent 

Senim protein removed per week, gm.. . 


16.70 kg. 


Serum protein 


IV 

Adjust- 

ment 


70 
1(5.98 
1145 
664 
40.8 

4.24| 
939 


387 

648 


102 
552 

4.00| 

22.1 


V 

Equili- 

brium 


70 
17.10] 
1158 
695 
40.4 

4.53! 
1692 


687 

755 


187 
1005 

4.06 

40.8 


VI 

Equili- 

brium 


70 
17.23! 
1140 
735 
36.9 

4.37 
1474 


546 

642 


163 

928 

3.96| 

36.8 


17.30 kg. 


Scrum protein 


vn 

Adjust- 

ment 


70 
17.271 
1335 
683 
43.8 

4.41 
1281 


558 

510 


vm 

Equili- 

brium 


143 

723 


4.03] 

29.2 


70 

17.18 

1425 

880 

42,6 

4.66 

2062 


880 

1087 


230 

1182 

4.11 

48.6 


* The same qualifying statements, added as footnotes to TahirTTr T' 
also to this table. 

repeatedly to reduce the serum protein concentration to th. ^ ^ 

level and to deplete the organism of its reserve serum protein stS 










894 


DIET AND REGENERATION OF SERUM PROTEIN. I 


within 1 week. The subsequent week is an equilibrium period, indica- 
tive of the amount of serum protein tliat can be regenerated with no 
protein in the diet and with protein catabolism reduced to a minimum 
by the consumption of the protein-free diet at a high level of caloric 
intake. The last 2 weeks of the assay are devoted to the administra- 
tion of the protein diet; the 1st week on this dietary regime is regarded 
merely as the adjustment period; the subsequent week, being the 
period of constant and maximal response to the dietary stimulus, 
furnishes the data to be used in tire calculation of the potency ratio. 
During the last 3 weeks of the assay plasmapheresis is performed 
quantitatively so that the stimulus for the regeneration of serum 
protein in vivo may be constant from day to day. 

It is highly desirable to give the animal a rest period after each bio- 
logical assay so that a normal serum protein concentration may be 
attained. In another investigation (22) we have some evidence indi- 
cating that the animal subjected to long continued, repeated plasma- 
pheresis will fail to regenerate serum protein as efidciently as during 
the initial tests. 

In our studies the animals were initially in an optimal nutritive state. 
Using the weight value as criterion, it is evident that dogs subjected 
to our feeding technique have no difficulty maintaining a healtliy 
nutritional status. 

In the present investigation, as well as those conducted by the 
pioneer investigators in this field (4-6), it has been found necessary to 
inject periodically an excess of red blood cells in order to prevent the 
animal from becoming anemic. The hemoglobin thrown into the 
circulation by the hemolysis of injected erythrocytes ma}’- undergo 
hydrolysis and the globin fraction therefore be rendered theoretically 
available as a source of amino acids for promoting the regeneration of 
serum protein. It is our belief that this “globin variable” exhibits 
not only an additive but also a supplementary effect upon the dietary 
protein, so that the result obtained cannot be referred solely to the 
dietar}^ factor. In a recent paper (24), Whipple and his associates 
state that hemoglobin, when given intravenously, is simply “broken 
down and thrown away as extra nitrogen in the urine.” If their 
experimental results could be so interpreted, then the globin variable 
would be of no significance. However, a critical examination of this 



D. lEELNICK, G. R. COWGIRL, AND E. BURACK 


895 


Study (22), led us to conclude that the data were insufficient to warrant 
such an interpretation. 


SUMMARY 

1. From a consideration of previous work related to the problem of 
the influence of diet upon the regeneration of serum protein, a plan 
of study is described which eliminates the many variables shown to 
be operating in the studies conducted by these pioneer workers. 

2. By the administration of a protein-free diet at a high level of 
caloric intake to the dog subjected to plasmapheresis during which 
one-fourth of the blood volume of the animal is withdrawn daily, it is 
possible to reduce the serum protein concentration to the basal level 
(3.5 to 4.2 per cent) and to deplete the organism of its reserve stores of 
this protein within 1 week. The subsequent week has been demon- 
strated to be an equilibrium period. 

3. The dog contains a reserve store of serum protein building mate- 
rial equivalent to about 30 to 40 per cent of the total amoimt normally 
present in the circulation. 

4. When fed the protein-free diet and when subjected to quantita- 
tive plasmapheresis, whereby the basal level of the senun protein 
concentration is maintained constant, the dog is able in 1 week to 
regenerate approximately 20 to 30 per cent of the total amount of 
this blood protein normally present in the plasma. 

5. The administration of a diet favorable for promoting the regen- 
eration of serum protein requires approximately 4 to 5 days before a 
constant and maximal response to the dietary' stimulus is obtained. 
Equilibrium data are 5 delded during the 2nd week, and these are em- 
ployed in calculating the potency ratio of the dietary protein. 
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The determinations on normal dogs of the protein minima for nitro- 
gen equilibrium with serum protein, casein, lactalbumin and gliadin 
are described elsewhere (1). The original purpose was to relate the 
average values yielded by these experiments to the data obtained "with 
the dogs subjected to plasmapheresis. Only after the preliminary 
nitrogen balance studies were completed was it learned that the protein 
minima are not exactly the same for different animals. Therefore, 
it was deemed necessary to determine the minimum for each dog 
subjected to the plasmapheresis regime. The minimal values as 
determined on dogs 3 and 4 are given in Table I. 


TABLE I 

Protein Minima for Nitrogen Equilibrium 


Dog No. 

Protein 

1 

Calories from protein 

3 

Serum protein 

per ceni 

9.1 


Lactalbumin 

7.4 


Casein 

9.1 

4 

Serum protein 

8.5 


Lactalbumin 

6. 65 


Casein 

8.9 


Previously plasmapheresis was performed on these dogs fed in both cases a 
serum protein diet in which the protein furnished 12.9 per cent of the total caloric 
intake. Fortunately, this circumstance did not invalidate the final calculations 
of the potency ratio of serum protein because the “increment diet”^ contained far 
more than the minimum for each of the dogs, and appropriate calculations could 
be made to determine the actual increments available for serum protein regenera- 
tion. Thus, dog 3 received in the diet a protein increment amounting to 0.75 
gm. per kilo-unit; and dog 4, 0.87 gm. per kilo-unit. Inasmuch as each dog is its 
o^vn control, the other diets were constructed in such a manner that their protein 
increments, above that required for nitrogen equilibrium, were equal for the dif- 
ferent proteins. Therefore, in the evaluation of serum protein, lactalbumin and 
casein, dog 3 received per week in every case an excess of 76 gm. of the protein 
above the nitrogen minimum level. Dog 4 received 92 gm. It would have been 

^ To differentiate the protein diets administered during the plasmapheresis 
experiments from those fed in the nitrogen balance studies, the expression incre- 
ment diets is used. In the subsequent discussion the expression is employed 
without quotation marks. 
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desirable to have fed both animals the same absolute increments of the proteins 
tested. However, the absolute amounts administered are comparable and con- 
firmatory studies are significant. The protein increments replaced isodynami- 
cally an equivalent part of sucrose in the diet so that, calorically speaking, the 
dogs ate the same amount of food. In all cases the protein diets were fed daily 
at the maintenance level of 70 calories per kilo of body weight. The weight of 
the animal, used in estimating the amount of food to be fed, was that calculated 
for the animal when in an optimal nutritive condition with a nutritive index 
value equal to 0.30 (2). The vitamin adjuvants were not varied. Thus the 
only variable in the diet, so far as known, was this protein increment. Inasmuch 
as the nature of the protein in the increment and in the basal minimum diet was 
the same, no supplementary action to offset any amino acid deficiencies could take 
place. These iets, constructed according to the kilo-unit plan (3), are given in 
Table II. The values in the parentheses indicate the absolute amounts of pro- 
tein based on actual analyses for nitrogen, and were the amounts used in estimat- 
ing calories. 

The serum protein was isolated from beef serum (1); the casein^ and lactal- 
bumin* were commercial preparations. The vitamin adjuvants and their mode 
of administration are described elsewhere (4). 

The smallest amount of gliadin required for nitrogen equilibrium was 
determined as 21.1 per cent of the caloric intake. Gliadin, deficient 
in the essential amino acid lysine, would have been a splendid protein 
to employ in the study of serum protein regeneration. Would it 
promote any regeneration above that observed with the protein-free 
diet? If it did, would the amino acid composition of the regenerated 
serum protein differ from the normal? Such an experiment would 
offer another means for testing Block’s Anlage theory (5), “the primary 
importance of the basic amino acids (as evidenced by the constancy of 
their ratios) in the genetic and embryological development of the 
tissue protein as it exists in protoplasm.”^ 

However, due to the high level of gliadin required simply for the 
attainment of nitrogen equilibrium and due to the fact that unejqDected 
toxic reactions were manifested during the feeding of high gliadin 
diets (1), no attempt was made to assay this protein for its value in 
promoting serum protein regeneration. Furthermore, the globin 
variable— the slow but continuous break-down of the injected erythro- 

* Obtained from the Lister Bros., New York. 

* Obtained from the National Milk Sugar Co.,‘ Bainbridge, New York 
The material in parentheses has been inserted by us. 



TABLE n 


Protein Diets'^ Used in the Present Sindy Based on the Kilo-UnH Plan 


Increment diet 
(Recipient) 

Foodstuff 

Amount 

Calorics 

Composition 

Caloric* 
per 
pram 
o{ diet 

Abso- 

lute 

Per 

cent 



gw. 



per cent 


Serum protein 

Serum protein 

3.36 

10.3 

12.9 

20.00 

4.77 

(dog 3 and 

(76,4%; 12.20% N) 

(2.57) 



(15.30) 


dog 4) 

Lard 

3.79 

34.1 

42.6 

22.62 



Sucrose 

8.90 

35.6 

44.5 

53.20 



Bone ash 

0.40 

— 

— 

2.39 



Salt mixture (22) 

0.30 

— 

— 

1.79 


Total 

16.75 

80.0 

100.0 

100.00 


Lactalbumin 

Lactalbumin 

2.94 

8.9 

11.1 

17.60 

4.80 

(dog 3) 

(76.0%; 11.68% N) 

(2.23) 



(13.40) 



Lard 

3.77 

34.0 

42,5 

22,60 



Sucrose 

9.27 

37.1 

46.4 

55.60 



Bone ash 

0.40 

— 

— 

2.40 



Salt mixture 

0.30 

— 


1.80 


Total 

16.68 

80.0 

100.0 

100.00 


Lactalbumin 

Lactalbumin 

2.89 

8.8 

11.0 

17.36 

4.81 

(dog 4) 

(76.0%; 11.68% N) 

(2.20) 



(13.20) 



Lard 

3.77 

34.0 

42.5 

22.64 i 



Sucrose 

9.30 

37.2 

46.5 

55.80 



Bone ash 

0.40 

— 

— 

2.40 



Salt mixture 

0.30 

— 

— 

1.80 


Total 

16.66 

80.0 

100.0 

100.00 


Casein (dog 3) 

Casein 

3.05 

10.3 

12.9 

QQIIII 

4.87 


(84.1%; 13.37% N) 

(2.57) 






Lard 

3.77 

34.0 

42.5 




Sucrose 

8.93 

35.7 

44.6 

54.30 



Bone ash 

0.40 

— 

— 

2.43 



Sait mixture 

0,30 

— 

— 

1.82 


Total 

16.45 

80.0 

100.0 

100.00 


Casein (dog 4) 

Casein 

3.15 

10,6 

13.3 

19.10 

4.86 


(84.1%; 13.37% N) 

(2.65) 



(16.08) 



Lard 

3.77 

34.0 

42,5 

22.88 



Sucrose 

8.85 

35.4 

44.2 

53.77 



Bone ash 

0.40 

— 

— 

2.43 



Salt mixture 

0.30 

— 

— 

1.82 


Total 

16.47 

80.0 

100.0 : 

100.00 



* Vitamin adjuvants are described elsewhere (4). 
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cytes, liberating globin -which is as completely metabolized as dietaty 
protein— associated with the technique of plasmapheresis would surely 
exert a supplementarj' effect erasing the amino acid deficiency in 
gliadin. Until this globin variable and the toxicity of high gliadin 
diets are eliminated, it would be theoretically and practically impos- 
sible to assay gliadin properly for the regeneration of serum protein. 

For the biological assay of the proteins used in this study, the 
standardized plasmapheresis technique described in detail elsewhere 
(6, 4) was used. The object of this paper is to present the results 
obtained -with serum protein, lactalbumin and casein together -with 
some observations on the effect of the catabolism of tissue protein on 
the formation of new serum protein. The results are expressed in 
terms of a potencj'- ratio defined above and based upon the fimdamental 
concepts set forth in the first part of this paper. 


The Biological Assay of Serum Protein 


In the case of dog 3, it was intended to feed the increment diet immediately 
subsequent to the completion of the study with the serum protein diet, furnish- 
ing 8.5 per cent of the caloric intake in the form of the protein (4). Incompati- 
bUities (7) which developed between the sera of the redpients and the cells of the 
donors necessitated a discontinuance of the study until satisfactory donors could 
be obtained. During this interval of 3 weeks, the dog subsisted on the basal 
protein-free diet (4) in order to prevent the accumulation of reserve serum protein 
stores. 

WTien the study was resumed, dog 3 was fed the protein-free diet (period ATI) 
and subjected to plasmapheresis to reduce the serum protein concentration to 
the basal level (3.5 to 4.2 per cent) and to deplete the organism of its reserve 
stores. Only three bleedings, resulting in the removal of 16.1 gm. of serum pro- 
tein, were required to accomplish this. E-vidently the protein-free dietarv regime 
inhibited to a considerable extent the formation of new serum protein. Indeed 
10 days were required before this dog, subsisting on the serum protein increment 
diet, evidenced a constant and maximal response to the dietarj* stimulus. During 
this adjustment period ATII, it was necessary to n-ithdraw 33.3 gm. of serum 
protein in the bleedings in order to maintain the basal level constant. In the 
subsequent period IX, the equilibrium week, 53.3 gm. of the blood protein were 
removed by plasmapheresis. 


The serum protein increment diet was fed to dog 4 immediately after the 
study with the protein diet fed at that level normaUy adequate for the attainment 

as this increment protein was identical 
uath the dietarj' protein just tested, it was not essential to deplete the animal of 
any carrj^ over from the previous experimental period. During the adjustmei 



TABLE III 


The Biological Assay of Senm Prolem for Its Value in Promoixng the 
Regeneration of Serum Protein 


Bog No 

3 

4 

Weight with nutritive index 0.30 

16.70 kg. 

17.30 kg. 

Biet 

Serum protein increment 

Serum protein increment 

Period 

VIXI 

Adjustment 

IX ^ 

Equilibrium 



Daily intake of diet* per kg., calorics 

70 

70 

70 

70 

Average weight of dog, kg 

16.70 

16.92 

17.28 

17.35 

Blood volume, cc 

1105 

1242 

1330 

1372 

Plasma volume, cc 

649 

729 

740 

823 

Average hematocrit, per cent 

39.2 

36.9 

35.4 

37.2 

Average serum protein concentration,! 


i 

1 



per cent 

4.20 

4.75 

4.82 

4.94 

Total bleeding, cc 

1384 

1997 

2162 

2454 

Cell exchange 





Bled, cc 

538 

735 

762 

919 

Injected, cc 

657 

902 

1098 

1183 

Citrated plasma 





Citrate, cc 

153 

224 

240 

275 

Plasma, cc 

847 

1262 

1400 

1535 

Serum protein concentration,! per cent. 

3.93 

4.22 

4.18 

4.46 

Serum protein removed per week, gm 

33.3 

63.3 

68.6 

68.6 


* The vitamin adjuvants furnished in addition 1,5 calories per kilo of body 
weight. 

t These values were obtained by the nephelometric method as prerequisites 
for determining daily the size of the hemorrhages (6). The serum protein con- 
centrations ^Yere averaged regardless of whether or not a plasmapheresis was con- 
ducted that day. 

t An attempt (4) was made to account for the smaller serum protein concen- 
trations in the pooled plasma aliquots as compared with the weighted average 
results obtained previous to the hemorrhages. The immediate entrance of tissue 
fluid into the circulation during the actual bleeding is responsible in part for the 
discrepancies noted. However, some other undetermined factor must play a 
r61e in causing the dilution of the plasma. 
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period DC, quantitative plasmapheresis resulted in the removal of 58.5 gm. of 
serum protein; during the equilibrium week, period X, 68.5 gm. were removed 
in the bleedings. The details of plasmapheresis and the nutritive histories of the 
dogs for the serum protein adjustment and equilibrium periods are summarized 
in Table DI. 

The Poiency Ratio of Semin Protein . — 

In the case of dog 3, 186 gm. of serum protein per week were essential to main- 
tain a nitrogen balance. When 262 gm. (increment = 76 gm.) of protein were 
fed, 53.3 gm. of serum protein had to be removed in the bleedings pier week in 
order to keep the concentration at the basal level. Inasmuch as 13.4 gm. of 
serum protein were regenerated on the basal high caloric protein-free diet (4), 
then 39.9 gm. must have been due to the dietary protein. However, of the diet- 
ary protein, 186 gm. must have been used to satisfy nitrogen equilibrium. There- 
39.9 

fore, = 0.53, the poiency ratio; i.e., 53 per cent of the serum protein is utilized 

to form new serum protein. In the case of dog 4, where the minim um for nitrogen 
equilibrium proved to be 180 gm. the potency ratio calculates as; 


It is recognized that the above scheme may be criticized on the 
ground that the metabolism of these dogs is assumed to be the same 
during the evaluation of the protein minimum and during plasma- 
pheresis. AH that can be said in answer to this is that these am'-malg 
throughout both studies were in an optimal nutritive state, were 
exposed to the same environmental conditions and were subjected to 
comparable feeding schedules. 


The Biological Assay of Lactalbmnin 


During the 1st week the dogs subsisted on the protein-free diet and were sub- 
jected to plasmapheresis by which one-fourth of the blood volume was removed 
^ily. During the subsequent week the frequency and the amount of the bleed- 
ings were determined by the daily level of the serum protein concentration. This 
was regarded as an equilibrium period and the values obtained were averaged with 
the other basal outputs for these experimental conditions (4). During the sub- 
sequent 2 weeks the lactalbumin increment diets were fed; the first week was re- 
garded merely as the adjustment period; the subsequent week furnished the data 
used in the calculation of the potency ratios. 


In the bleedings of the initial depletion week, a total of 43 5 and 49 1 em of 

taT TT" ^ ^ ^^^Pectively. The basai outputs 

m the foUowmg weeks were 11.2 and 4.4 gm. respectively, subsisting on 
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DIET AND REGENERATION OF SERUM PROTEIN. II 


TABLE V 

The Biological -45^0^ of Casein for Its Value in Promoting the Regenera- 
tion of Serum Protein 


Dog No.. 

3 

4 

Weight with nutritive 









index 0.30... 


16.70 kg. 



17,30 kg. 


Diet 

Protein-frec I 

Casein 

Protcin-frce 

Casein 



1 

increment 



increment 

Period 

XVI 

XVII 

XVIII 

XIX 

XV 

XVI 

XVIX 

XVIII 


Depiction 

Equilib- 

Adjust- 

Equilib- 

Depiction 

Equilib- 

Adjust- 

Equilib- 



rium 

ment 

rium 


rium 

ment 

rium 

Daily intake of 









diet* per kg., 









calorics, 

90t 

90t 

70 

70 

90t 

90t 

70 

70 

Average weight of 









dog, kg 

17.46 

17.59 

17.89 

18.15 

18.29 

18.10 

18.24 

18.47 

Blood volume, cc , . 

1260 

1128 

1143 

1290 

1335 

1250 

1250 

1426 

Plasma volume, 









cc 

690 

697 

643 

761 

705 

777 

735 

828 

Average hema- 









tocrit, per 









cent 

41.4 

41.8 

39.9 

39.4 

41.9 

39.9 

42.4 

40.4 

Average serum 









protein con- 









centration,* 









percent 

4.40t 

4.03 

4.39 

4.61 

4.65§ 

3.80 

4.20 

4.49 

Total bleeding, 









cc 

1333 

641 

1310 

1870 

1491 

432 

913 

1969 


* The same qualifying statements, added as footnotes to Table III, apply also 
to this table. 


t Since both dogs exhibited a decided tendency to gain in weight, the ad 
libitum consumption of the protein-free diet was discontinued, the ration being 
fed instead at a 90 calorie per kilo level. This slight modification in the prelimi- 
nary feeding periods does not introduce any error, because the protein-free diet 
was still fed at the high caloric level of approximately 30 per cent above that 
essential for maintenance. 

t Serum protein concentration reduced from 5.84 to 3.25 per cent. 

§ Scrum protein concentration reduced from 6.12 to 3,49 per cent. 
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TABLE V — Concluded 


Dog No 

3 

4 

Weight with nutritive 









index 0.30 


16.70 kg, 



tg. 


Diet 

Protein-free 1 

Casein 

Prolein-frcc I 

Casein 




increment 



increment 

Period 

XXl 

xvn 

x\in 

XIX 

XV 

XVI 

XVll 

xvni 


Depletion 

Eq^uilib- 

Adjust- 

Equilib- 

Depletion 

Equilib- 

Adjust- 

Equilib- 



num 

ment 

rium 


rium 

ment 

rium 

Cell exchange 









Bled, cc 

559 

267 

515 

1 736 

629 

169 

385 

793 

Injected, cc 

658 

336 

606 

891 

653 

266 

472 

855 

Citrated plasma 









Citrate, cc... . . . 

148 

70 

146 

209 

165 

48 

102 

219 

Plasma, cc 

774 

374 

795 

1134 

862 

263 

528 

1176 

Serum protein 









concentra- 









tion,* per 









cent 

4.33 

4,20 

4,24 

4.18 

4.41 

3.8ll 

4.14 

4.14 

Serum protein re- 









moved per 









week, gm 

33.5 

16.7 

33 .7 

47.4 

38.0 

10,0 

21.9 

48.6 


Bog 4 

92 gm. lactaibumm = mcrement above the miniinmn for nitrogen equilibrium 
of 141 gm. 

41.1 gm. serum protein were regenerated during the equilibrium week. 

9.6 gm. serum protein = average basal output on the protein-free diet (4). 
Therefore, 

= Q.34j potency ratio of Icctalbutnin, 


The Biological Assay of Casein 

In the bleedings of the initial week a total of 33.5 and 38.0 gm. of serum protein 
were removed from dogs 3 and 4 respectively. The basal outputs in the foUo^lne 
weeks were 15.7 gm. for dog 3 and 10.0 gm. for dog 4. men subsisting on the 
^em increment diet, dog 3 was able to regenerate during the adjustment period 
^\TII 33.7 gm. and during the equihbnum period XIX 47.4 gm. of serum protein 
For dog 4 the comparable values were 21.9 and 48.6 gm. respectivelv 
nutntive historic of the dogs during this phase of the investigation and the details 
of plasmapheresis are summarized in Table V. ^ 
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retention of the food administered. The dog was allowed to fast for the remaining 
experimental period. The nutritive histor>^ of the dog is summarized in Table \T. 
In order to have a nutritive index of 0.30 the animal should weigh 11,0 kilos. 

An average of the serum protein concentrations of the dog determined on 3 
consecutive days, before the initial plasmapheresis was begun, was taken as the 
normal value and proved to be 6.75 per cent. By bleeding one-fourth of the 
animal’s blood volume and feeding the protein-free diet, the serum protein concen- 
tration was reduced to the basal level of approximately 4.0 per cent within the 1st 
week (see Chart 1). With no subsequent plasmapheresis there wus an immediate 
regeneration within the first 7 days to a maximum level of 5.16 per cent. For the 
next 13 days the serum protein level fluctuated near this value. Thereafter a 
drop occurred so that the concentration varied between 4.62 and 3.98 per cent. 


TABLE VI 

Nutritive History of Dog 5 


Period 

Duration 

Daily inta):e of protein- 
free diet* per kg. 

Average -weight 


1 days 

caJorits 

hg. 

1 

8 

91 

10.90 

2 

7 

72 

10.67 

3 

7 

84 

10.56 

4 

5 

37 

10.31 

5 

18 

70 

10.25 

6 ' 

18 

0 

9.21 



(Final, 8.60) 


*The vitanun adjuvants (4) yielded in addition 1.5 calories per kilo of body 
weight. 


When the animal was allowed to fast for 18 days, it was noted that after an initial 
delay a progressive regeneration of serum protein took place. The final value of 
6.19 per cent, the average of those for the last 3 days, was for this dog somewhat 
below the normal of 6.75 per cent, determined 2 months previously. This increase 
in serum protein concentration was actually due to regeneration of the blood pro- 
tein and not to hemoconcentration, as evidenced by relative plasma volumes. 
Chart 1 illustrates graphically the results of this study. 

With dogs 3 and 4 there was observed a decided ability to regenerate serum 
protein during the feeding of the basal protein-free diet. However, in these ani- 
mals the stimulus for regeneration was more intense inasmuch as the serum protein 
concentrations in these dogs w’ere maintained at the basal level of from 3.5 to 4 2 
per cent by calculated bleedings. Dog 5 also showed a similar marked tendency 
to regenerate above the basal level but, as the serum protein concentration rose, 
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DIET AND REGENERATION OF SERUM PROTEIN, II 


the intensity of the stimulus for the formation of new serum protein decreased 
rapidly until at the 5.0 per cent level it was no longer manifest. This experiment 
emphasizes the importance of keeping the basal serum protein level as constant as 
possible when conducting a quantitative assay of dietary proteins by the technique 
of plasmapheresis. 


Per cent 



Chart 1. The influence of tissue protein catabolism upon serum protein 
regeneration. 

week of plasmapheresis. 


S3Tnbo) 

Blood volume 

Plasma volume 


cc. 

cc. 

A 

850 

390 

B 

776 

435 

C 

760 

395 

D 

768 

420 

E 

747 

375 


This study also confirms the hypothesis of Maver (11) and Bloom- 
field (12) that, in addition to a low protein diet, certain other variables 
operate in order to produce a nutritional edema. 

The dormancy of the serum protein regenerating mechanism is 
manifest in this investigation. Thus, an animal subjected to plasma- 
pheresis in order to deplete its serum protein concentration to the basal 





D. AIELNICK, G. R. COWGILL, AND E. BURACK 


911 


level and fed the protein-free diet for as long as 45 days can still utilize 
tissue protein catabolites for the regeneration of serum protein. 

DISCUSSION AND CONCLUSIONS 

The potency ratios for serum protein, lactalbumin and casein are 
summarized in Table VH. 

The degree of exactness of these ratio figures is somewhat uncertain 
because of inability to control satisfactorily the globin variable, which 
is described elsewhere (4). In view of this consideration these ratios 
do not express solely the effect of dietary protein; they probably 
include also the beneficial effects of any metabolized globin which was 
Uberated from the cells laked in vivo. In the study with dog 4 the 
value of 0.64 was obtained for serum protein. This apparently high 
value is not inconsistent with the other ratios recorded. It is believed 


TABLE vn 

Regeneration of Serum Protein in Dogs Fed Artifieial Synthetic Diets 


Dog No. 

Regenerated while 
on basal protein-free 
diet, per week 

Potency ratio 

Seram protein 

Lactalbumin 

Casein 


gJTI. 

■■■ 

■Hii 


3 

13.4 



0.45 

4 

9.6 I 



0.42 


to be related to the fact that during the feeding of this protein diet 
considerable hemotysis occurred, as a result of which it is estimated 
that dog 4 received in addition to dietary protein approximately 
100 gm. of hemoglobin more than dog 3 during the comparable assays. 
If it is assumed that the true ratio value for serum protein in dog 4 
has the same relation to that for dog 3 as do the values for the other 
proteins, then a value of 0.49 instead of 0.64 is obtained. The extent 
of hemolysis in vivo during the other protein assays in both animals 
was fairly comparable, judging from the ceU exchanges, so that 
with the value for serum protein taken as 100, the relative values of 
lactalbumin and casein are about 70 and 85 respectively. 

The above ratings may be further questioned on the ground that 
no corrections can be made for the supplementary effects of the globin 
variable. In all cases the protein diets on which the dogs subsisted 
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tested, the potency ratios are not so widely different as to warrant the 
administration of any one protein in preference to another. This 
conclusion is supported by the observations of Keutmann and Bas- 
sett (16), who applied the findings of 'WTiipple and associates in feeding 
three patients with degenerative Bright’s disease. No really distinct, 
significant differences were detected in the effect of the protein supple- 
ments tested. A high protein diet and a basal diet supplemented with 
egg white, liver protein, serum protein and lactalbumin promoted a 
disappearance of edema and deposition of body protein; however, the 
plasma protein level was unaffected. 

The three complete proteins, serum protein, lactalbumin and casein, 
are approximately equal with respect to their value in meeting the 
requirements of nitrogen equilibrium. Likewise, they are of com- 
parable value in promoting the regeneration of serum protein. In both 
functions a preliminary adjustment period of approximately 4 to 5 
days is essential before equilibrium values are obtained. Feeding dogs 
subjected to plasmapheresis a protein diet at the level minimal for 
nitrogen equilibrium, or less, results in an impartial division of the 
dietar}' protein for the satisfaction of these two functions; the general 
nitrogen requirements of the organism as a whole, and serum protein 
formation (4). These facts indicate that serum protein regeneration 
is a particular phase of the general nitrogen metabolism, related to 
protein metabolism as a whole, and not a process with a peculiarly 
specific need to be met bj^ certain particular proteins. 

In the course of another investigation (1) we have obtained some 
experimental e\idence indicating that the dog, subsisting on artificial 
synthetic diets and subjected to prolonged, plasmapheresis, may suffer 
an impairment in its ability to regenerate serum protein. For example 
dog 3^ under such experimental conditions was able to produce serum 
protein at only one-half the rate shown in the first and true biological 
ass^ of casein, although the protein diet and caloric intake remained 
nnc anged. This inability of the animal to regenerate serum protein 
satis actorily could not be attributed to the dog having previously 
een rnalnourished with the result that the dietary protein would be 
utiUaed mainly in the replenishment of wasted tissues, if body weight 
aiues canbe considered as criteria. Indeed, taking the ideal nutritive 
ex as a basis of reference, the animal was decidedly overweight and 
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far from satisfied, as evidenced by the pronounced losses in body weight. On 
purely theoretical grounds their hypothesis hardly seems tenable, for it must also 
involve the assumption that the ingestion of dog tissue by the dog subjected to 
plasmapheresis should result in no appreciable formation of new serum protein, 
assuming that protein catabolism, as well as protein digestion, results in the libera- 
tion of amino acids (18). 

From the evidence obtained in the present work, a h}'pothesis is 
presented explaining the mechanism by which serum protein formation 
takes place. This is best illustrated by the following diagram: 



It has already been suggested that serum protein regeneration is 
intimately linked with the general nitrogen metabolism of the or- 
ganism. The relationship set forth in the diagram does not postulate 
the necessity of serum protein formation as an intermediary product 
in the construction of tissue protein. The assays of the three proteins, 
casein, lactalbumin and serum protein, differing with respect to their 
amino add composition, indicated comparable potencies in promoting 
the regeneration of serum protein. This suggests that the absorbed 
end-products of protein digestion are not necessarily utilized direcily 
in the formation of this blood protein, for otherwise only those pro- 
teins the chemical compositions of which show the dosest resemblance 
to that of circulating serum protein should be decidedly beneficial for 
this function. If this were true, one should eqiect the potenc3»^ ratios 
to vary accordingly over a wide range, which is not the case in the 
present study. Therefore, two mechanisms suggest themselves as 
being responsible for serum protein formation: (a) dietary protein 
may be utilized directly to form tissue protein which then may be 
transformed into serum protein, or (fi) the absorbed end-products of 
protein digestion may be carried to some specific organ, the liver 
for example, and there receive supplementation for any amino add 
defidencies directly by tissue protein catabolites. IMechanism (a) 
suggests a common source of serum protein within the body and that 
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to warrant the administration of any one protein in preference to 
another. 

3. The inhibitor)’' effect of the basal protein-free diet with respect 
to serum protein regeneration in the dog was also demonstrated by 
the inability of the protein concentration to attain the normal level 
in spite of discontinued plasmapheresis. However, a subsequent 
fasting period resulted in a progressive rise in the serum protein con- 
centration until the normal value was approximated. These observa- 
tions are interpreted as indicating that the products of tissue protein 
catabolism can be utilized in the formation of new serum protein. 

4. The experimental production of what seems to be an inhibition 
of the serum protein regenerating mechanism was described. This 
observation together with the hypothetical e\ndence presented by 
Bloomfield (17) and Weech and his associates (9) suggests that the 
most profitable line of approach to solution of the problem of h)q)o- 
proteinemia lies not so much in the evaluation of dietary factors but 
in finding a way for stimulating internally the serum protein regener- 
ating mechanism, which seems to involve in some manner the capacity 
of the tissue to furnish protein for the needs of the plasma. 

5. A hypothesis explaining the mechanisms responsible for serum 
protein formation was presented and the experimental support for it 
discussed. The role of tissue protein catabolism in this function was 
emphasized. 
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EXPERIMENTAL NEPHRITIS IN RATS INDUCED BY 
INJECTION OF ANTI-KIDNEY SERUM 

I. Preparation and Imaiunological Studies oe Nephrotoxin* 

By JOSEPH E. SMADEL, M.D. 

(From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, June 30, 1936) 

The etiology of the human disease, glomenolonephritis, remains 
unknown. Certain observations in this condition suggest that it may 
depend, in part at least, on a hyperergic state of the tissues. While 
various authors have attempted by different methods to produce 
experimental nephritis simulating the human affliction, only those 
investigations dealing with cytotoxins will be discussed. This com- 
munication presents a study of certain of the factors in the anti-organ 
sera responsible for the induction of renal abnormalities. 

niXERATXJRE 

Lmdemann (1), in 1900, influenced by the production of hemolysins (2) and 
spennatolysins (3), injected guinea pigs with rabbit kidney, and obtained from 
these animals a serum which induced in rabbits marked albuminuria, cast forma- 
tion, and tubular degeneration. Pearce (4) subsequently investigated this subject 
and* confirmed the claims of Lindemann and others (5-7) regarding the existence 
of a heteronephrotoxin, but was unable to produce an autonephrotoxin (5, 7-9). 
He showed, moreover, (4, 10) that many of the so called specific anti-organ sera 
then in use depended for their effect on the hemagglutinins and hemolysins which 
they contained, and consequently introduced the technique of perfusing the 
organs used for antigens. Anti-kidney serum made with such an antigen induced 
albuminuria and cylindruria, whereas antiserum prepared by immunizing with 
unwashed kidney induced an additional feature, hematuria. The high hemolysin 
and hemagglutinin titer of the latter serum, he felt, was responsible for the 
hematuria. Even the antiserum against perfused kidney tissue was only rela- 
tively organ specific— ‘ 'special” is the term he applied— since certain immune 
sera prepared against perfused liver induced similar kidney changes. The 

* Read in abstract form before the American Association of Pathologists and 
Bacteriologists, April 9, 1936, at Boston. 
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provided by snipping a tiny hole in one of the carotid arteries. The heart con- 
tinued to contract tlnoughout most of the washing. The brain was perfused by a 
stream of saline in the thoracic aorta directed toward the cephalic end with the 
ascending portion of the arch ligated. These methods rendered the desired organs 
blood-free in the majority of cases; w'hen they failed, the animals were discarded. 

The organs were removed, cut into fine pieces, and ground with abrasive. 
Saline was added to make a 10 or 20 per cent suspension. The suspensions were 
stored at lO'^C. for 1 to 5 days. A portion of the material was cultured; those 
preparations giving any bacterial growth were not used. As a result of these 
rigorous criteria for obtaining blood-free and sterile organ suspensions, approja- 
mately 10 per cent of the material had to be discarded. 

Male rabbits weighing about 2500 gm. were injected intraperitoneally with 10 
cc. of a 10 or 20 per cent suspension of rat kidney, liver, heart, and brain respec- 
tively. Injections were made on 3 consecutive days each week for a period of 3 
weeks. Treatment was administered for three such periods over a total of 3 
months. Test bleedings were made 10 days after the last injection of each period. 
Antisera against rat serum and washed red blood cells were similarly prepared. 

Kidney and liver emulsions were given to groups of six rabbits each, heart to 
four rabbits, brain to two, rat serum to three, and rat red blood cells to two. 

The rabbit serum was heated at 56° for half an hour to dimmish its primary 
toxidty. The methods used in the clinical and pathological studies on the rats 
are described elsewhere (31, 32). Other procedures used throughout the work 
will be described as the occasion arises. 

Antibody Titration of Sera 

Antibody titrations were made after each period of immunization, 
but it was found that the in vitro reactions bore no direct quantitative 
correlation to the cytotoxic action of the sera as obser\"ed in vivo. 

Antigen for the tests was prepared by autolyzing a 20 per cent suspension of 
perfused organ for 12 days at 10°C. The shghtly opalescent supernatant fluid 
was diluted to the desired concentration with saline; 0.2 cc. of the serum to be 
tested was added to 0.4 cc. of diluted antigen. The solutions were mixed and 
incubatedfor hour at37°C., then stored overnight at 10°C. Readings were made 
after each period. Rat serum predpitins were similarly determined. For titra- 
tion of hemagglutinins, each tube contained 0.2 cc. of the diluted serum to be 
tested, 0.1 cc, of a 2 per cent suspension of washed rat erythrocj’tes, and 0.7 cc. 
of saline. In testing for hemolysins 2 units of guinea pig complement were added 
to a mixture of 0.2 cc. of a 5 per cent suspension of rat red cells and 0.2 cc. of the 
serum to be tested, then the volume was made up to 1.6 cc. The hemagglutinins 
and the hemolysins were recorded after mcubation for hour at 37°C. 

Table I shows the antibody titrations, after the second immunization period of 
tHe entire anti-kidney group of sera, and a representative serum from the anti- 
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heart and anti-liver groups, together with their clinical effect in rats as evidenced 
by urine examination and the production of edema. The two anti-kidney sera 
with the lowest titer of kidney precipitins failed to induce urinary abnormalities 
(Nos. 4195 and 4196), but two other sera (Nos. 4138 and 4197) with identical 
precipitin titers showed a marked quantitative difference i7i vivo. 

Sera obtained after the third immunization period showed inconstant changes 
in test tube titrations except for a general increase in rat serum precipitins in the 
groups receiving kidney and heart. Nevertheless, all of the anti-kidney sera ob- 
tained at this last bleeding induced a marked effect on the kidney. 


TABLE I 

Antibody Titrations and Nephrotoxic Effect of Certain Anti-Organ Sera 




Tested with* 

I Nephrotoxic effect 

Rabbit 

Rat organ 

Extract of rat 

Rat 

R.'it RBC 


Dosage 
per 100 

scrum 

No. 

suspension 

injected 

Kidney 

Liver 

Heart 

serum 

Hemag- 

Hemoly- 

Degree of 
rcactionf 

body 









Precipitins 

Precipi- 

tins 

glutinins 

sins 


weight 

4138 

Kidney 

2400 

1200 

150 

4800 

so 

160 

+++-k 

cc, 

0.3 

4139 

(( 

2400 

1200 

150 

4800 

80 

160 

++-k-k 

0.5 

4140 

(( 

1200 

1200 

600 

4800 

40 

320 

++ 

0.5 

4195 

(( 

600 

600 

150 

4800 

40 

20 

0 

2.0 

4196 

11 

600 

1200 

150 

1200 

40 

20 

0 

2.2 

4197 

n 

2400 

1200 

150 

4800 

80 

20 

-f 

1.0 

4130 

Heart 

400 

400 

400 

4800 

20 

320 


2.5 

4124 

Liver 

1200 

4800 

150 

4800 

0 

80 

± 

2.5 


Sera obtained Oct. 16, 1934, after 18 injections of organ suspension. 

* Precipitin titrations expressed as highest dilution of antigen giving a positive 
reaction; hemagglutinins and hemolysins, as dilution of serum. 

t + + + + = persistent marked' albuminuria and casts with anasarca. 

-f-f- = “ moderate “ « “ without anasarca. 

-p = transient " “ “ “ 

=b = “ slight “ 

Anii-Kidiicy Sera 

Detailed reports of the functional and pathological effects which 
follow the administration of the nephrotoxic serum are given else- 
Avhere (32). For the present onty the more important data necessary 
to understand the problem at hand are described. As indicated in 
Table I, anti-kidney sera differed in their ability to induce renal 
damage. In addition, the types of lesions they induced varied, de- 
pending on the proportion of several factors in a given serum. 

















JOSEPH E. SilADEL 


925 


One factor, to which the term nephrotoxiii is applied throughout 
this paper, affected the kidney primarily. Certain anti-kidney sera 
contained it in high concentration with little admixture of antibodies 
against other rat tissues; these were considered as “good” nephrotoxic 
sera. The injection of suitable amounts of such a serum was followed 
by marked proteinuria, casts, anasarca, and azotemia, but without 
significant hematuria, as revealed either macroscopicaUy or by guaiac 
test. Histologically the kidney, during the acute phase of the disease, 
showed extensive tubular degeneration, principally of the hyalin drop- 
let type; but dUated tubules lined with atrophic epithelium and fiUed 
with casts were frequent. The glomeruli characteristically had thick- 
ened capillar}’- walls -vdsible by the routine stains; suitable stains showed 
that swelling of the glomerular capillary basement membrane was 
primarily responsible for the thickening. Degeneration of the endo- 
thelial and epithelial cells of the glomeruli was present but not severe; 
proliferative and infiltrative changes were practically nonexistent. 
When adequate, but not excessive, amounts of anti-kidney serum were 
given, the animals survived the acute phase. The majority continued 
to have protein and casts in the urine; a fair proportion, after varying 
intervals up to 10 months, died of the induced disease. 

When a suitable amount of a good anti-kidney serum was given, 
a moderately severe reaction followed within a few minutes; this reac- 
tion was quite similar to the anaphylactic reaction in rats described by 
Parker and Parker (33) and Pratt (34) . WThen the same serum was given 
in di-vided daily doses no such anaphylactoid reaction occurred; more- 
over, a slightly smaller amount of serum imder these circumstances 
induced the same kidney effect (see Table II). 

The administration of several times this optimal dose of a good 
anti-kidney serum in a single injection was followed by a very severe 
anaphylactoid reaction which sometimes killed the animfil within a 
few minutes or hours. If the rat survived for 6 or 8 hours the kidneys 
showed severe acute tubular degeneration and glomerular tufts stuffed 
with fibrin thrombi; urine passed at this time was heavily laden with 
blood and protein. A few of these animals survived for a week- the 
hematuria disappeared in several days, the proteinuria continued, 
casts and anasarca appeared, and the blood urea mounted to hieh 
levels. ® 

Anti-kidney sera rich in both nephrotoxic factor and in other anti- 



TABLE II 


EJ^cct oj Ncphrotoxin in Single and Divided Doses 


Rat N-21. One injection of serum 4138 (unabsorbed) of 0.25 cc. per 100 gm. 
body weight. 


Date 

Urine examination 

Weight 

Remarks 

Albumin 

Guaiac 

RBC 

Casts j 

Serum 

Reaction 

Hyalin 

Granular 

Cellular 

1935 







gw. 

cc. 1 


Jan. 28 

0 

0 

0 

0 

0 

0 


Control period 

Feb. 2 

0 

0 

0 

0 

0 

0 

84 

0.21 iv* 

Moderately severe 










hr. duration 

" 3 

+++ 


0 

0 

0 

0 




« 4 

+ +++ 

0 

0 

0 

++ 

0 

81 



5 

++++ 

0 

0 

0 

++ 

0 




“ 6 

+ + + 

0 1 

0 

0 

+ 

++++ 

96 



7 

+++ 

0 

0 

0 

++ 

++ 

1 

91 




Urinary findings continued approximately same until moribund on 84th day. 


Rat N-140. Four daily injections of serum 4138 (unabsorbed) of 0.05 cc. 
per 100 gm. body weight. 




Urine examination ' 


Remarks 

Date 

a 

> 

a 

Guaiac 


Casts 

Weight 

Scrum 

Reaction 



.1 

g:l 

a 

RBC 

Hyalin 

Gran- 

ular 

Cellular 


ms 


per 

cent 






gw. 

cc. 


Oct. 

25 

0 


0 

0 

0 

0 

0 

79.3 

Control 

period 

li 

26 

0 


0 

0 

0 

0 

0 

79.0 

(( 

It 

il 

27 









0.04 iv 

None 

C( 

28 

0 


0 

0 

0 

0 

0 

81.2 

0.04 “ 



29 

Trace 


0 

0 

0 

0 

0 

79.4 

0.04 « 

tf 

ll 

30 

0 


0 

0 

0 

0 

0 

81.9 

0.04 » 

It 

tc 

31 

++ 

2.822 

0 

0 

++++ 

+++ 

+++ 

85.3 



Nov 

1 

Trace 

0.489 


0 

++++ 

+++ 

+++ 

87.6 



ti 

2 

+++ 

1.584 

0 

0 

+++ 

+++ 

0 

87.6 

Ascites 

tt 

4 

++++ 

6.048 

0 

0 

++ 

++ 

0 

94.6 

Subcutaneous 











edema and 
ascites 


Nov. 4, 1935, killed. 

* iv in all tables signifies intravenous. 
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bodies were obtained most frequently after long periods of immimiaa- 
tion. Small amoimts of these were capable of inducing severe kidney 
damage with glomerular thrombosis, hematuria, and death. Damage 
also occurred in other organs, notably the liver. A sublethal dose of 
such a serum failed to induce functional or histological renal change. 
To demonstrate the nephrotoxic factor in these sera it was necessary 
to resort to a process similar to desensitization. Beginning with a 
sublethal dose, at daily intervals intravenous injections of increasing 
amounts were given until, after 4 or 5 days, a total of 0.3 to 0.4 cc. 
per 100 gm. of rat body weight was injected. A clinical and patho- 
logical picture then supervened identical with that following the 
administration of an optimal amount of good serum. 

The lethal response to injection of 0.5 cc. per 100 gm. body weight of a mixed 
eSect anti-kidney serum is illustrated by rat N-121 in Table III. Suppression 
of the toxic action of the serum by administering very small doses for several 
days is shown by rat N-153 (Table ni). The animal, after this preparation, was 
able to withstand an injection of 0.28 cc. per 100 gm. body weight, which was 
sufficient to induce the nephrotoxic effect. The mixed effect serum used in these 
illustrations was absorbed r\ith rat erythrocytes and serum. As discussed else- 
where in this paper the absorptions are not followed by a reduction in the ability to 
induce either the anaphylactoid reaction or the nephrotoxic effect. 

Clinical and anatomical studies tbus indicated that anti-kidney sera 
possessed a factor which affected the kidney primarily and in addition 
contained one or more factors which induced anaphylactoid shock 
accompanied by a general vascular reaction. These vascular phe- 
nomena could be suppressed and the more specific nephrotoxic reaction 
brought out by suitable administration of serum. 

Another equally effective method of eliminating the hematuria and 
glomerular thrombosis, while retaining the nephrotoxic effect, in such 
uupure anti-kidney sera, was formd. Rats were prepared by treating 
for 4 consecutive days with increasing amounts of anti-rat serum 
precipitins obtained from a rabbit immunized with rat serum, so that 
the animals finally tolerated the equivalent of several lethal doses 
^thout obvious effect. These prepared rats, when given, in a smgle 
ejection, the “mixed effect” anti-kidney serum mentioned above 
developed the nephrotoxic picture without hematuria. Here, as with 
the relatively pure nephrotoxic serum, a sUghtly greater amount was 
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TABLE III 

Demonstration of Nephrotoxin in Mixed Effect Anti-Kidney Serum 

Rat N-121. One injection of pooled nephrotoxic serum lot A (absorbed with 
rat RBC and serum), 0.05 cc. per 100 gm. body weight. 




Urine examination 






Remarks 

Date 





Casts 




Albumin 

u 

c3 

•3 

a 

Bile 

U 

pq 


Granular 

Cellular 

Weight 

Scrum 

Reaction 

ms 

Oct. 5 

1 

j 

Trace 

0 


0 

0 

0 

0 

106.0 

cc. 

0.055 iv 

Moderately severe 

“ 6 

Solid 

++++ 

+ 

+ 

0 

0 

0 


Gross 

Yz hr, duration 
hematuria — died 


Rat N-153. Four daily injections of pooled nephrotoxic serum lot A (absorbed 
with rat RBC and serum) — total dose 0.31 cc. per 100 gm. body weight. 



Urine examination 


Remarks 

Date 


o 

> 




Casts 


Scrum 

Reaction 


E . 
a 

a 

Guaiac 

m 

u 

pq 

pej 



Cellular 

Weight 

ms 


per 

cent 







gm. 

cc. 


Nov. 20 

Trace 

0.05 

0 


0 

0 

0 

0 

137.5 

Control 

period 

“ 25 

0 


0 


0 

0 

0 

0 


0.043iv 

Slight 

26 

Trace 

0.07 

0 

0 

0 

0 

0 

0 

137.4 

0,043 

None 

** 27 


0.06 

0 

0 

0 

0 

0 

0 

135.2 

0.065 » 

{( 

“ 28 

++ 


0 


0 

0 

0 

0 


0,34 

tt 

29 

++++ 

3.74 

0 


0 

++++ 

0 
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Certain anti-kidney sera in small amounts, even after removal of rat hemag- 
glutinins and serum precipitins, induce a severe anaphylactoid reaction with hema- 
turia and death. Initial injection of a sublethal amount of such a serum followed 
by increasing daily doses suppresses the general vascular phenomena and brings 
out the nephrotoxic action. 
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needed if given in a single injection than when given in several divided 
amounts. The preparatory treatment alone failed to induce signifi- 
cant renal abnormalities if tlie initial dose of rat serum precipitins 
was small enough to avoid a severe anaphylactoid reaction. 

Sera Prepared against Other Rat Tissues 

The sera of rabbits immunized with other rat tissues were tested to 
determine how wddespread was the nephrotoxic factor and to study 
individually some of the antibodies which were undoubtedly involved 
in the anaphylactoid reactions. 

WTien rats were injected intravenously with adequate amounts of anti-rat 
serum precipitins a picture was produced indistinguishable from acute anaphylaxis. 
Some animals died within a few’ minutes, others after several hours. When the 
rats died within 4 to 8 hours after injection, fibrin thrombi sometimes occurred in 
the glomerular tuft capillaries. Hemorrhage w’as occasionally seen in the tufts 
and in the capsular space; the tubules w’ere moderately dilated and loosely filled 
with albuminous precipitate. Among a number of rats injected with the same or 
slightly smaller amounts of anti-rat serum precipitins, some survived, and these 
usually developed severe hematuria and albuminuria within a few hours. These 
urinary abnormalities rapidly subsided (Table IV). The same phenomena have 
been observed after complete absorption of hemagglutinins and hemolysins from 
this antiserum which still contained the anti-rat serum precipitins that were con- 
sidered responsible for the observed anaphylactoid reactions. 

A similar type of clinical reaction has been observed after administration of 
small doses of hemagglutinins (Table IV) . The histological findings in the kidney 
differed somewhat from those accompanying the simple reverse anaphylactic 
reaction described above, in the presence of agglutinated erythroc}^tes in the glo- 
merular capillaries rather than fibrin thrombi. 

VTien large doses of some anti-heart and anti-liver sera were given, transient 
albuminuria with or without hematuria was observed (Table IV). This never 
occurred, how’ever, unless the serum induced a severe anaphylaxis-like reaction. 
Moreover, when the same total amounts of these sera were given in several divided 
doses at daily intervals, the shock, albuminuria, and hematuria did not occur. 

Two rabbits that received injections of rat brain had at the end of the second 
period of immunization no demonstrable nephrotoxin in their sera. One w’as 
discarded, the other kept for 6 months, when two more series of injections were 
given. The method was altered: The rabbit during the third series received 1 or 
2 cc. of 10 per cent emulsion of rat brain intracutaneously along with sufficient 
staphylotoxin to produce good erythema of the site. During the fourth series the 
brain emulsion and staphylotoxin were given intravenously. The serum obtained 
after this series of injections had some nephrotoxic effect; its action, however, 
resembled that of a weak mixed effect anti-kidney serum (see Table V). 
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To recapitulate, the criteria we have chosen for establishing the 
presence of rat nephrotoxin in an antiserum, namely, the ability to 
induce on injection into rats marked persistent albuminuria and cylin- 
druria, ascites, and elevated blood urea, but without hematuria, have 
been fulfilled only in sera from those animals immunized witli rat 
kidney or brain. The criteria have not been fulfilled by rabbit sera 
prepared against rat heart, liver, serum, or red blood cells. The 
occurrence of nephrotoxin, even though in rather small amounts, in 
one anti-rat brain serum suggests that it is only relatively organ 
specific. 

Toxic Effect of Certain Diluents 

Several observations suggested that an adventitious toxic factor 
not associated with serum, acting in conjunction with an optimal or 
suboptimal dose of nephrotoxin, might induce hematuria or glomerular 
thrombosis, or both. 

In early experiments, in attempting to increase the accuracy of administration 
of small amounts of serum, the serum was diluted with one or two volumes of 
Ringer’s solution. This did not affect the nephrotoxic action; but when one par- 
ticular lot of Ringer’s solution was used, hematuria occurred. This solution was 
approximately 6 weeks old when first used, was sterile, and in amounts of 5 cc. 
intravenously b}" itself was harmless. 40 rats received initial intravenous injec- 
tions of 0.05 to 0.3 cc. per 100 gm. body weight of serum 4138. Among seven that 
received serum diluted with the Ringer’s solution under discussion, four developed 
hematuria. None of the 33 rats which received optimal or suboptimal doses of this 
serum, administered either undiluted or with other lots of Ringer’s solution, showed 
hematuria. 


Attempts to Transmit the Induced Disease 

Sera obtained from rats in the acute or terminal stages of this type 
of experimental nephritis have been injected intravenously into five 
rats in amounts varjdng from 0.65 to 6.9 cc. per 100 gm. body weight, 
without inducing any evidence of renal damage. 

Effect of Rat Nephrotoxin in Other Animals 

Nephrotoxic serum 4138 has been given to a small number of mice 
and guinea pigs. In mice the dosage varied from 0.35 to 2.0 cc. per 
100 gm. of body weight; in guinea pigs 0.9 cc. and 1.0 cc. per 100 gm. 
were given. In none of these animals was there significant patho- 
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The lipid-free tissue suspension was prepared as follows: Perfused rat kidneys 
were removed, minced, and ground with abrasive; ten volumes of cold absolute 
alcohol were added. The mixture was frequently shaken while kept at 0°C. for an 
hour; the sediment obtained by centrifugation was again resuspended in cold 
absolute alcohol and allowed to extract for 2 hours. The sediment was then sub- 
jected to two extractions with anhydrous ethyl ether, the final one lasting over- 
night. The sediment was dried under vacuum and sealed until used. 

The absorption was carried out as follows: Dried fat-free kidney powder, 
obtained from 4 gm. of kidney (wet weight) was triturated with enough saline solu- 
tion to make a thick paste. This was transferred to a tube and centrifuged at 
high speed. The small amount of supernatant fluid was discarded. 2 cc. of 
pooled mixed effect anti-kidney serum were added to this sediment, thoroughly 
mixed, and incubated at 37°C. for 1 hour and at 10°C. overnight; 2.1 cc. of absorbed 
serum were recovered. 

The serum, before absorption, induced the typical nephrotoxic picture when 
0.4 cc. per 100 gm. body weight was given in divided doses. After absorption, 0.15 
cc. per 100 gm. body weight in a single injection resulted in a fatal anaphylactoid 
reaction, but 0.4 cc. and 0.65 cc. given in divided doses failed to produce any sig- 
nificant functional or pathological damage. The same absorption technique was 
applied to another portion of the serum; 0.72 cc. and 0.8 cc. of this in divided doses 
also failed to induce an effect on the kidney. 2 cc. of an anti-rat kidney serum, 
capable of inducing a typical nephrotoxic effect when 0.4 cc. per 100 gm. body 
weight is injected into rats, contain enough nephrotoxin to affect roughly 6 gm. of 
kidney, since the combined weight of the kidneys of a 100 gm. rat is about 1.2 gm. 
After absorption of 2.0 cc. of a serum of such potency with the fat-free kidney 
fraction from 4 gm. of kidney, the nephrotoxic activity was very markedly reduced. 

Absorption with Fat-Free Liver Suspensions . — 

By the same procedures fat-free liver tissue was prepared. Much larger 
amounts of liver tissue were employed in this experiment; five times the proportion 
of tissue used in the kidney absorption was added for the first liver absorption, yet 
this removed only a fraction of the nephrotoxin. An amount equal to an optimal 
dose of unabsorbed serum induced a moderate proteinuria and cylindruria, and 
one and a half times this dose produced a typical effect. When the remainder of 
this partially absorbed serum was treated with the same quantity of fat-free liver, 
no nephrotoxic factor was demonstrable. 

These experiments indicated that while fat-free liver suspensions 
were capable of remo\dng the nephrotoxic factor, relatively large 
amounts in comparison with fat-free kidney were required. The 
quantities of liver cell and fat-free liver suspensions necessary to 
absorb the nephrotoxin were roughly comparable. 
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prepared Seitz filter. 174 mg. of each lipid were added to separate samples of 
4.5 cc. each of serum 4139, which was capable of inducing a severe acute disease 
in single doses of 0.4 cc. per 100 gm. body weight. 

The results of these experiments were entirely negative; none of the 
lipids removed a significant amount of nephrotoxin or anaphylactoid- 
inducing factor from this serum. 

Removal of Hemagglutinins and Hemolysins. — ^Absorption of nephro- 
toxic serum with red blood cells did not alter its optimal dosage. 

To 3 cc. of serum 4138, were added 2 cc. of washed packed rat erythrocytes. 
The mixture was placed for 2 hours in the ice box and centrifuged in the cold. 
This serum, which then failed to show either hemagglutinins or hemolysins in 
dilutions of 1:2.5, had lost none of its kidney-damaging properties. 

Removal of Anti-Rat Serum Precipitins . — Removal of anti-rat serum 
precipitins ftom anti-kidney serum did not diminish its nephrotoxic 
activity. 

10 cc. of each of the four mixed effect anti-kidney sera obtained after the third 
period of immunization were pooled. The mixture was found to induce the stand- 
ard acute disease when 0.4 cc. was given in divided doses. This pooled serum had 
a hemagglutinin titer of 1 :30, and serum precipitin titer of 1 : 200,000. A 30 cc. 
portion was first treated with 9 cc. of packed washed rat erythrocytes, which 
reduced the hemagglutinin titer to ± at 1 : 5 dilution. Next 0.03 cc. of normal rat 
serum was added, stored overnight at 10°C., and centrifuged at 0°C. After repeat- 
ing the last procedure, the anti-rat serum precipitin titer was ± at 1:100 dilution. 

The absorbed portion simulated the unabsorbed in its induction of 
tlie nephrotoxic lesions, the dosage being identical in both instances. 
Slightly less of the absorbed serum, on the initial injection, induced 
the nonspecific general vascular phenomena; the anaphylactoid reac- 
tion in tins case usually became severe several hours after injection, 
and death occurred in 12 to IS hours. The animals presented in 
Table III received injections of the absorbed portion of this pooled 
anti-kidney serum. 

The absorption experiments summarized in Table VI demonstrated 
that the nephrotoxic factor was not related to the antibodies against 
red blood cells or serum, that it was removed by contact with kidney 
and liver cells, that fat-free kidney in amounts comparable to the 
tissue affected in vivo readily withdrew it from serum, while fat-free 
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State, by the method of Swift (35) for preservation of bacteria. When 
the desiccated serum was taken up in distilled water it still retained its 
properties of inducing the nephrotoxic efiect and the anaphylactoid 
reaction. 


DISCUSSION 

The present experiments demonstrate that anti-kidney serum, 
prepared by immunizing rabbits with perfused rat kidney, is toxic 
when injected into rats and is capable of inducing profound kidney 
changes. Several different antibodies are responsible for these dis- 
turbances; a relatively organ specific antibody against kidney is 
present, as well as non-organ specific antibodies against various rat 
tissues, serum, and erythrocytes. A number of the non-organ specific 
antibodies, when injected in proper amounts, induce a shock-like 
reaction with accompanying lesions throughout the body. The clini- 
cal and pathological derangement of the kidney observed after ad- 
ministration of these antibodies differs significantly from those occur- 
ring after treatment with the relatively organ specific antibody 
nephrotoxin. 

It is not surprising that rabbits iromunized with a suspension of 
perfused rat kidney should produce antibodies against rat tissues other 
than kidney. Although tlie perfusion seemed complete, there were 
undoubtedly still present in the organ suspension sufficient erythro- 
cytes and serum to stimulate some antibody formation. In addition, 
the antigen suspensions contained tissues that occur in other organs — 
smooth muscle, endothehum, and fat. The presence of these in the 
different organ extracts used in the precipitin tests might account for 
some cross reactions. Furthermore, the cell constituents peculiar to 
the animal species probably call forth antibodies which react to some 
extent with any antigenic substance from that species. Fleisher (36) 
has emphasized the complexity of tissue antigens. The failure in 
this work to correlate the nephrotoxic activity of anti-kidney serum 
with its precipitin titer for kidney extracts agrees with the observation 
of Pearce (4), but is contrary to that of Masugi (23). Since the anti- 
genic fraction, or fractions, of kidney responsible for the production 
of nephrotoan are not at present known, and hence cannot be isolated 
and tested in vitro, only biological assay remains as the means of 
determining the amount of nephrotoxin in an antiserum. 
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experimentally by the injection of nephrotoxin, into a second animal 
of the same species. These observations were made on dogs and 
rabbits. In Pearce’s hands the phenomenon was observed in about 
half of the experimental dogs and was never severe. Rats, used in 
the present work, did not respond in this manner when given serum 
from rats with nephrotoxic nephritis. Whether this indicates a dif- 
ference in reactivity of the two animal species or whether the earlier 
observations were dependent upon the injection of serum from an 
animal of a different blood group is uncertain. 

The complete absorption of nephrotoxin by kidney suspensions 
has been previously recorded by Wilson and Oliver (17), and by 
Masugi (21). The latter also carried out the procedure with liver 
suspensions but did not find this substance effective in removing the 
nephrotoxic agent. His results, given in abstract form, without 
protocols, apparently differ from those cited here where liver was 
found to be much less effective than kidney, but nevertheless capable 
of completely removing nephrotoxin from anti-kidney serum if used 
repeatedly. 

It hardly seems necessary to discuss the complete independence of 
nephrotoxin and the antibodies against red blood cells and serum. 
The failure of the latter antigens to produce nephrotoxin when used 
for immunization, or to absorb it when present, agrees witli the 
experience of most workers. 

The failure to remove the nephrotoxic effect of anti-kidney serum by 
absorption with lipidal elements of kidney, but its complete absorp- 
tion by fat-free kidney substance was described in the present experi- 
ments. This differs from the conclusions of Hahn (37), who tested 
anti-kidney serum entirely in vitro. 

Nephrotoxin, while not strictly organ specific, is undoubtedly rela- 
tively specific for kidney. It occasionally occurs in antisera, in small 
amounts, after immunization with tissues other than kidney, and ma}'-, 
with some difficulty, be absorbed from antiserum by liver suspensions. 
Nephrotoxin, however, affects the kidney principally, appears most 
regularly and in highest titer after immunization with kidney tissue, 
and is most easily absorbed from nephrotoxic antiserum by kidney 
tissue. 
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nuclear exudate could be produced by the intrapleural injection of 
molten parowax, a commercial wax for household uses. Most of these 
cells when explanted into tissue culture media, behaved as migrating 
macrophages or wandering cells; a smaller number transformed into 
morphologically typical fibroblasts which proliferated to form macro- 
scopic colonies. It seemed, therefore, that by using this technique, 
the criteria of obtaining single or small aggregates of cells as free as 
possible from body fluids could be achieved; and the question of the 
inherent sensitivity to tuberculin could be more decisively answered. 

EXPERIMENTAL 

Mononuclear exudative cells were produced by the intrapleural injection of 0.5 
cc. of molten parowax into normal guinea pigs and into animals infected intratesti- 
cularly with 5.0 mg. of the lowly virulent strain R 1 tubercle bacillus for 3, 4, and 
5 weeks respectively. 5 to 7 days later very light suspensions of mononuclear 
cells were obtained by washing the exposed pleural cavities of the animals with 
2.0 cc. of Tyrode’s solution. The technique for obtaining these cells with a mini- 
mum of trauma and practically free of admixed erythrocytes has been fully de- 
scribed (4). The injection of parowax as a pleural irritant or incitant of mononu- 
clear exudative cells was associated with the production of only very small amounts 
of fluid exudate. This body fluid was greatly diluted by the irrigation of the 
pleural cavity wth Tyrode’s solution, and was further diluted 15 times when the 
cellular suspension was added to the culture media. Thus the concentration of 
body fluids in contact with the cells in the culture flasks would seem negligible. 

0.1 cc. of the cellular suspension, consisting mostly of single cells with few micro- 
scopic clumps of cells, was explanted to Carrel micro flasks containing 0.75 cc. 
normal guinea pig plasma, 0.15 cc. diluted tuberculin solution, and 0.5 cc. of 10 
per cent guinea pig splenic extract. The plasma and tissue extract were prepared 
as previously described (1). The various portions of the media were thoroughly 
mixed while in the fluid state to distribute the mononuclear cells uniformly. 
Coagulation of the media soon followed. The cultures were incubated at 37.5°C. 
A typical tissue culture experiment consisted of mononuclear exudative cells from 
a tuberculous animal in flasks containing: (a) old tuberculin in a concentration of 
1 to 300, (b) old tuberculin in a concentration of 1 to 600, and (c) normal media. 
A like number of flasks were employed for testing the exudative cells from a normal 
animal. 

The comparative C 3 ^totoxic index of tuberculin on splenic cells from the same 
tuberculous and normal guinea pigs was determined as previously described (1). 
The fibroblastic growths resulting from transformation of mononuclear exudative 
cells were transplanted by removing the fibrin clot from the flask, excising the 
growths, dividing them into equal sized transplants, which were then transferred 
into flasks containing media with and without tuberculin. Cultures of fibroblasts 
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were distinctly inhibited by old tuberculin in the two concentrations 
used. Most of the cells were small, round, dark, and appeared inac- 
tive or dead. Fibroblastic forms were also greatly inhibited. They 
were dark in color, heavily granulated, and swollen. Proliferation of 
fibroblastic forms was not entirely inhibited, however, for some of the 
isolated cells formed small colonies before they degenerated and dis- 
integrated; but in general the macrophages and fibroblastic forms 
developing from the mononuclear cells derived from the tuberculous 
animals were much more inhibited in the presence of old tuberculin 
than were cells from normal animals. 

Sensitivity of Splenic Explants to Tulercnlin. — Splenic explants from 
normal and tuberculous animals were tested with old tuberculin in 
a concentration of 1 to 300. The splenic cells from the tuberculous 
animals were markedly sensitive to tuberculin. This confirmed results 
obtained previously (1). 

Persistence of Cellular Sensitivity to Tuberctdin of Fibroblasts Derived 
from Mononuclear Cells. — Since explanted mononuclear exudative 
cells derived from tuberculous animals exliibited sensitivity to the 
toxic effect of tuberculin similar to that exhibited by splenic cells, it 
seemed desirable to determine also whether this cellular sensitivity 
persisted on transplantation of fibroblasts derived from mononuclear 
cells. Such transplantation experiments were performed in Experi- 
ment 247, in which the cells were obtained from a guinea pig infected 
with strain R 1 tubercle bacillus for 1 month. One colony of fibro- 
blasts which developed from a small clump of mononuclear exudative 
cells derived from the tuberculous animal was excised after growing 
in normal media for 8 days; it was divided into two nearly equal sized 
transplants. A larger colony of fibroblasts derived from a clump of 
normal mononuclear cells was excised on the same day and divided 
into four nearly equal sized transplants. One of the transplants de- 
rived from cells of the tuberculous animal and two normal transplants 
were transferred to a flask containing human old tuberculin in a con- 
centration of 1 to 300. Similar transplants were transferred to a flask 
containing normal media. With this experimental set up the environ- 
mental conditions were controlled as completely as possible, since the 
two kinds of transplants were grown in identical media and in the 
same flasks. 
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DISCUSSION 

Suspensions of scattered mononuclear cells were obtained from 
tuberculous animals by the intrapleural injection of warm molten 
parowax. This procedure incited the production of very little fluid 
exudate, for when the pleural cavity was exposed 5 to 7 days later, 
only a trace of fluid was observed. Such cells obtained practically 
free of body fluids by irrigation of the pleural cavity with Tyrode’s 
solution exhibited marked sensitivity to the toxic action of tuberculin 
when tested in tissue culture. 

These experiments offer, therefore, convincing evidence that sensi- 
tivity to tuberculin is an inherent characteristic of cells from tubercu- 
lous animals. This conclusion was also reached by Rich and Lewis 
(6) in tissue culture studies of tuberculin allergy, in which buffy coat 
and splenic explants were tested. The “summation effect hypothesis” 
seems untenable; this hypothesis predicates a combined toxic action 
of tissue fluids and tuberculin. In these experiments, however, the 
hypothetical tissue fluid toxin would appear to have been too dilute 
to exert any demonstrable toxic effect. 

The transformation of mononuclear cells into sheets of fibroblasts 
was again demonstrated. Microscopic clumps or aggregates of mono- 
nuclear cells developed into macroscopic colonies of fibroblasts which 
were transplanted and were tested regarding their sensitivity to the 
toxic action of tuberculin. This inherent cellular characteristic per- 
sisted after prolonged culture in vitro and was still demonstrable after 
three transplantations, and over a period of 29 days. A similar per- 
sistence of cellular sensitivity to tuberculin in vitro was demonstrated 
on prolonged culture of splenic fibroblasts from tuberculous animals 
( 1 ). 

The nature of the toxic action of tuberculin on cells from tubercu- 
lous animals when tested in vitro is still a matter of conjecture. Rich 
and Lewis (6), reasoning by analogy with other types of hypersensitive 
states, in which antigen-antibody reactions are involved, are of the 
opinion that allergy in tuberculosis is also of the nature of an antigen- 
antibody union in which the antibody is bound to the cell. 

Aronson (7) has shown that an antigen such as horse serum has no 
specific toxic effect when added to tissue cultures from animals sensi- 
tized to that foreign protein. We (8) obtained similar negative re- 
sults when the respective antigens were tested on tissue cultures from 
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transplants originally derived from normal mononuclear exudative cells. Trans- 
plant was obtained from fibroblastic growth showm in Fig. 4. The cells are but 
slightly affected by this concentration of tuberculin. 5 days after secondary 
transplantation. Compare with Fig, 5. The transplants in Figs. 5 and 7 were 
grown in the same flask. X 120, 

Fig. 8. Fibroblastic growth from control half of transplant similar to that in 
Fig. 7 but grovring in normal media and showing normal actively growing cells. 
5 days after secondary transplantation. The transplants shown in Figs, 6 and 8 
were grown in the same flask. X 120, 
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EFFECT OF PNEUMOCOCCUS AUTOLYSATE ANTI- 
TOXIN ON PNEUMOCOCCUS PNEUMONIA 
IN GUINEA PIGS 


Bv JULIA T. WELD act HELENA GILDER 

{From the Deparhncnl of Palhohgy, College of Physicians and Surgeons, Columbia 

University, New York) 

(Received for publication, July 8, 1936) 

In previous papers (1-3) we showed that the Berkefeld filtrates of 
certain anaerobically produced autolysates of pneumococcus of Tj'pes 
I, n, or ni cause in guinea pigs; (a) necrosis of the skin when injected 
intracutaneously; {b) hemorrhagic edema of the lungs and death when 
injected intratracheallj’-; (c) pneumonia associated with unrestrained 
multiplication of the organism in the lung when injected intratrache- 
ally in sublethal doses combined with small amounts of living organ- 
isms; and cause in mice death with kidney lesions, when injected intra- 
venously. We also demonstrated that immunization of horses with 
these autolysates stimulates the production of sera of marked anti- 
toxic properties for the principles that cause, in guinea pigs necrosis of 
the skin and hemorrhagic edema of the lungs, and in mice kidney le- 
sions and death (4, 5). Moreover, an antiautotysate serum, prepared 
by the immunization with the autolysate from one tj’pe of pneumo- 
coccus, neutralized the poisons affecting the skin and the lung pro- 
duced from each of the other 3 types, demonstrating that these autoly- 
sate antitoxins and presumably the toxins are not tj^pe specific (1, 
4, 5). 

Despite much work toward the understanding of the pathogenesis 
of pneumococcus pneumonia, there are many obscure features of the 
disease that have never been explained satisfactorily. If substances 
of the nature of the toxic autolysates could be demonstrated in vivo 
m animals having pneumococcus pneumonia, such a finding would 
help explain the phenomenon of lobar pneumonia in man. It was 
With the object of determining whether poisons similar to those in 
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the toxic autolysates are produced in vivo, that this work was under- 
taken. 

If the autolysate toxin is produced in vivo during the growtli of the 
organism in the tissues, one would expect that the autolysate anti- 
toxin, through neutralization of the toxin, would at least delay death 
in animals injected with the pneumococcus. Tliis, however, is not 
the case. We found that autolysate antitoxin injected even in large 
amounts is unable to protect or prolong the life of guinea pigs or 
mice injected intramuscularly or intraperitoneally with a lethal dose 
of pneumococcus. Moreover, Sabin (6) showed that our autolysate 
antitoxin, when used by itself or in combination with a so called sub- 
effective dose of specific antibacterial serum, had no apparent effect 
on the progress of pneumococcus infection in mice injected intraperi- 
toneally or in rabbits injected intracutaneously with large doses of 
virulent pneumococci. It seems, tlierefore, evident from our own 
work and from that of Sabin that toxic substances of the nature of 
those in the toxic autolysates neutralizable by the autolysate anti- 
toxin, are not produced in the animal body during generalized infec- 
tion with tlie pneumococcus. 

However, there appears to be another way of looking at this prob- 
lem. In pneumococcus pneumonia in man and in the guinea pig, 
pneumonia occurs with growth of tlie organisms in the lung, frequently 
without invasion of, or estabhshment of, the pneumococcus in other 
organs or tissues. Is it possible, then, that the poisons in tlie autoly- 
sates, especially the toxin that is injurious to the lungs, enabling 
pneumococci to grow in them, are produced in vivo only in the lung? 
If this is the case, the autolysate antitoxin, through neutralization of 
these poisons in the lung, might have a curative effect in pneumonia 
in delaying or arresting the spread of pneumococcus infection. In- 
directly this neutrahzing action in the lung might prevent the occur- 
rence of a generalized infection, although it would have no direct effect 
on a pneumococcus sepsis once established. In an endeavor to answer 
this question we have produced pneumonia in guinea pigs and at- 
tempted to protect them with autolysate antitoxin. 

Experimental Methods 

Proditclion of Pnciivionia in Guinea Pigs . — Pneumonia was produced in guinea 
pigs by the three following methods. 
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Pneumococcus Types I, II, or III. At present it has a titre of 4500 guinea pig 
units and 7800 mouse units per cc. 

Specific antibacterial sera: Antibacterial serum Type I — New York Board of 
Health. Refined — containing 2500 units per cc. Antibacterial serum Type II — 
New York Board of Health. Refined — containing 3000 units per cc. 

Normal horse serum: Inactivated. 

Efect of Pneumococcus Aidolysate Antitoxin on the Pneumonia 
Caused by the Intratracheal Injection of Large 
Amounts of Pneumococcus 

In Table I is presented a protocol of an experiment in which autol- 
ysate antitoxin or normal horse serum was given intraperitoneally 
immediately after the intratracheal inoculation of pneumococcus sus- 
pension, and demonstrates clearly the protective effect of the anti- 
toxin. There is a discrepancy in this experiment in that guinea pig 
10 that received antitoxin died in 1 day. In a large number of ani- 
mals inoculated intratracheally with large amounts of living pneumo- 
cocci, we have found that there is a small percentage of guinea pigs 
(approximately 10 per cent) that appear to be especially susceptible to 
the organisms and we believe that a much greater susceptibility than 
normal explains the early death of this guinea pig. An instance of 
this in another experiment was the death of a guinea pig in 2 hours 
after the intratracheal inoculation of pneumococcus. This guinea 
pig showed at autopsy lungs already large, with patchy hemorrhagic 
pneumonia throughout. 4 guinea pigs inoculated with the same quan- 
tity of organisms as this latter guinea pig survived for 2 or 3 days. 
In respect to guinea pig 10, Table I, it is of interest to note tliat the 
culture from its heart blood was negative, whereas in all the 8 con- 
trol guinea pigs, positive heart blood cultures were obtained. This 
occurred in another experiment in which 1 of 9 guinea pigs inoculated 
with antitoxin died and it had a negative heart culture at autopsy, 
while all the controls died having positive heart cultures. 

Several experiments similar to the experiment. Table I, with minor 
variations have been carried out, always with substantially the same 
results. We found that one-half the amount of antitoxin injected in 
the experiment. Table I, viz., 1 cc. of 1-2 dilution, was sufficient to 
save the animals. As shown in experiment. Table I, and confirmed 
many times in other experiments, normal inactivated horse serum 
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Pnetmococcus I Suspension. — ^Each guinea pig was inoculated with the organisms from 4.5 cc. of culture. The first 
inoculation of normal horse serum or antiautolysate serum was given 20 hours, the second inoculation of normal horse serum 
or antiautolysate serum 2 hours before the intratracheal inoculation of pneumococci. The intraperitoneal inoculation of 
antibacterial serum was given immediately preceding the intratracheal inoculations. 
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guinea pigs from an almost surely fatal pneumonia. This would 
seem to favor the conjecture that the toxin or toxins in pneumococcus 
pneumonia are elaborated in the lung. But there appears to be 
another possible explanation of these results. The suspension of pneu- 
mococci injected to produce pneumonia contained per cubic centi- 
meter approximately only 1/30 of the organisms present in the sus- 
pension from which the autolysate toxin was produced. However, it 
seems conceivable that in the lung and bronchi enough of the intro- 
duced pneumococci could have been autolyzed so as to produce suf- 
ficient toxin to cause a primary injury, thus enabling the pneumococci 
to become established in the lung. 

If this were the case, the beneficial effect of the autolysate antitoxin 
could be ascribed to the neutralization of the poison or poisons as- 
sumed to have been produced from the in vivo autolysis of the inocu- 
lated pneumococci rather than to the neutralization of the poisons 
produced during the growth and autolysis of the freshly growing 
pneumococci in the lung. In such case the antitoxin might have pre- 
vented the start of the infection and saved the animal. From this 
reasoning, therefore, it appears that the foregoing experiments furnish 
no proof of the production of the autolysate poison in vivo from or- 
ganisms growing in the lung. 

We have already shown that autolysate antitoxin prevents the 
development of pneumonia and death otherwise induced by the intra- 
tracheal injection of small doses of living pneumococci combined with 
sublethal doses of pneumococcus autolysate poison (5). But here 
again the beneficial effect of the antitoxin might be ascribed to the 
neutralization of the inoculated toxin and not to the neutralization of 
the autolysate toxin possibly elaborated in the lung by the growth of 
the organisms there. 

It seemed to us that one way of answering this question was to 
infect animals intratracheally with doses of pneumococci too small 
to cause pneumonia by themselves, combined with a substance toxic 
for the lung but nonspecific for the pneumococcus, for the purpose of 
enabling the organisms to become established in the lung and thus 
cause pneumonia. If antitoxin were found effective in this kind of 
pneumonia, it would be logical to infer that the antitoxin had neu- 
tralized poisons produced in some way by the growing and autolyzing 
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was a moderate uniform increase in the width of the zone of prepara- 
tory calcification and matrical deposition of calcium was somewhat 
defective. The trabeculae of the spongiosa were orderly and parallel 
in alignment, but rather thin, as was the cortex. Both trabeculae and 
cortex were surrounded by an osteoid border slightly in excess of the 
normal width. Osteogenesis was active, and there was no osteoclastic 
resorption or marrow fibrosis (Fig. 6). 

The bones of the partially nephrectomized rats presented a striking 
contrast. In the gross, there was extreme rachitic deformity of the 
thorax with beading and angulation at the chondrocostal junctions, 
leading to narrowing of the thoracic cavity and extensive atelectasis 
of the lungs. The wrists and long bones showed t 3 ^ical epiphyseal 
swelling, and very characteristic rachitic cupping in the x-rays (Fig. 7 a). 

The histological picture differed in no respect from that of a florid 
low phosphorus rickets. There was great widening and irregularity 
of the cartilage, with almost complete failure of calcium deposition in 
the matrix. There was an extraordinary excess of calcium-free 
osteoid in the metaphyseal region and about the cortex (Figs. 8, 5). 

Two representative experiments may be presented in tabular form. 
(Table III and Table IV.) 

From these illustrative experiments several facts emerge. While 
the low calcium diet in itself brings about retardation of growth, the 
chronic renal insufficiency induced by experimental reduction of 
kidney tissue leads to more extreme stunting, in some instances (rat 
AE4) to dwarfism, comparable to that which accompanies renal 
rickets in human beings. In these cases, the skeletal lesions are 
extreme and the histological changes are those of florid rickets, with 
almost complete failure of calcium deposition in cartilage and osteoid. 

While the low calcium diet in itself leads to a decided increase in the 
volume of the parathyroids, partial nephrectomy brings about a 
striking additional enlargement of the glands. 

In the following e.\-periment the low calcium diet was supplemented with 250 
mg. per cent of CaCOj (Table V). 

Rat AG4, operated upon at a very early age, died spontaneousl)'’ after 29 days; 
it was grcatl)' dwarfed, weighing only 36 gm. at death, as compared with 94 gm. 
in the litter mate control. The kidney was reduced to a thin walled hydrone- 
phrotic sac. Microscopically, the pelvis and tubules were greatly dilated, lined 
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It seems idle to enter into a theoretical discussion of this point, since 
the precise mode of action of the parathyroid secretion is still obscure. 

In . reviewnng the literature of renal rickets, there is a recurring 
suggestion that the h)"peractive parathyroids play a part in the demin- 
eralization of the skeleton, bringing about the rachitic or osteofibrotic 
lesions which characterize the disease. Indeed, in certain' cases 
occurring in adolescence or early adult life, in which there has been 
found a diffuse hjTpertrophj^ of aU the parathyroids, the differentiation 
between primary and secondary hyperparathyroidism may be difficult 
or impossible. 

Our experiments thus far have given no dear cut information as to 
the part played by the parathyroids in the production of the skeletal 
lesions. On a diet containing adequate calcium and phosphorus the 
parathyroid hj'perplasia induced by partial nephrectomy was only 
exceptionally accompanied by slight osteofibrotic changes in the bones 
and these were never of an intensity comparable to those observed in 
“primary” hjq)erparathyroidism or in renal rickets. 

On the other hand, when rats with experimental renal insufficienc)’’ 
were placed on a low calcium diet, the resulting skeletal lesions were 
greatl)’- intensified. On a very low calcium intake, they took on the 
character of florid rickets indistinguishable from that produced by the 
usual low phosphorus rachitogenic diets. With a moderate addition 
of calcium, the picture was rather that of an osteitis fibrosa. 

The crucial experiment, which has not yet been performed, wiU be 
to study the effect of experimental renal insufficiency in the absence of 
the parathyroids. In this way we should secure information as to the 
role played by these glands in the production of the skeletal lesions. 

One of the purposes of this study was to reproduce, if possible, in 
rats the clinical picture of renal rickets or renal dwarfism in man. The 
outstanding features of this disease are stimted development, some- 
tunes with delay or failure in the acquisition of the secondary'- sex 
characters; bone deformities, often genu valgim, with x-ray changes, 
sometimes suggesting osteitis fibrosa, sometimes florid rickets; chronic 
renal insufficiency, ending in marked nitrogen retention and uremia. 
Polydipsia and polyuria have been frequently noted. The blood 
calcium may be normal or slightly reduced, the inorganic phosphate, 
m the later stages, tends to be elevated. 



978 


KIDNEY SUBSTANCE AND PARATHYROID GLANDS 


The renal changes at autopsy are usually described as chronic 
interstitial nephritis, but recently attention has been drawn to the 
frequency of accompanying hydronephrosis and dilatation of the 
ureters, sometimes with vesical hypertrophy (Ellis and Evans (26), 
Roberts (28)). In some cases anatomic explanation for the renal 
obstruction has been found (phimosis, valve-like folds in the urethra 
(Ellis, (29)). In other cases (Ellis and Evans (26)) no organic stric- 
ture has been discovered, and a disturbance in sphincteric control has 
been assumed. 

The histologic alterations in the bones have been studied in a number 
of instances. The descriptions vary from case to case, and there 
appears to be every gradation between a florid rickets, indistinguish- 
able from ordinary rickets, to a picture identical with osteitis fibrosa 
in the adult (11, 24, 30-39). It would be impossible from the histo- 
logic changes alone to establish the diagnosis of renal rickets, as distinct 
from that due to vitamin D deficiency, on the one hand, or to primary 
hyperparathyroidism on the other. 

The same variability has been found in the skeletal changes which 
follow experimental reduction of renal tissue in young rats. On a 
very low calcium intake they have resembled the lesions of florid 
rickets; with a moderate deficiency of calcium, changes are in the 
direction of osteitis fibrosa. 

The stunting of growth and development in our rats is comparable 
to that noted in human cases of renal rickets. Our data on the blood 
calcium TO 4 and nonprotein nitrogen are not sufficiently numerous to 
report in detail, but so far as they go, agree with those reported in 
human cases of renal rickets, i.e., hyperphosphatemia and high non- 
protein nitrogen in the late stages of the experimental disease. 

We believe therefore that we have induced a condition essentially 
like that which accompanies advanced chronic renal disease in child- 
hood. This experimental renal rickets should be useful in working 
out the various unkno^vn factors concerned in the human disease. 

CONCLUSIONS 

Reduction of renal tissue in young rats regularly leads to a marked 
increase in the volume of the parathyroid glands. 

If partially nephrectomized rats are maintained on a low calcium 
diet, growth is stunted, and skeletal lesions are produced, of far greater 
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